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PA RT I. Gain, His New Method of Navige- 
tion by Parallel Parts, by which all Queſtions in Sail- 
ing may be anſwered with great Expedition and Truth, 
in a different Manner from Plain Mercator, and Greiz. 
Circle . by the Solution of a plain Triangle 
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eee, 

ndiums of practical and Speculative” . 

"an of Plain Trigonometry, with their Application to 

Plain Mercator, and Middle Latitude Slog, with 
ſeveral curious Queſtions f in Surveying. ES 


PART II. Containing, The Doctrine of the ie 

and the Demonſtrations and Calculations of Spherical 
Trigonometry, in which the Conſtruction of the Figures 
are New, and drawn ſo as to repreſent Solids, by which 
the Demonſtrations are made eaſy to the CY: 


Capacity. 
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EE Author was pleaſed to 


£1 * | 5 
male me acquainted avith the 


CERT Treatiſe, which, falling more 
immodiately under my Care after his 


* 


Death, I apprehended myſelf under the 


fronget Obligations to print the ſame, 


that whatever was New, or Improved 
therein, might be publiſhed for general 
Le and Advantage: And the generous 


Reception which all real Improvements 


of Arts and Sciences meet with in this 
_ Nation, and the Glory Great- Britain 


A1 bas 


* Manuſcript of the following 3 


iv- "The PREFACE. 85 
** acquir d by ' the. Succeſs. of: them, 
pry in Mathematical Learning 
(in anbich our Author might claim a 
Share) is a ſufficient Inducement to diſ- 
* 5 this Obhgation without any fur- 
ther Apology, fmce thereby is diſcovered 
to the Publick, the ingenious Author's 
New Method of Sailing by Parallel 

Parts, and. his Demonſtration of the 
Truth: thereof'; together with a Table 
of Parallel Parts by him calculated for 
Practice. And, as this New Method 
is compared by various Examples avith 
the ſeveral Methods of Plain, Mer- 
cator, and great Circle Sailing g, the 
"Spirit of this Invention; and the Lie- 
Fulneſs, Conciſeneſs, and "Hecugacy there- 

"of (by which all Nautical Deſt ions are 

"anſwered by the Solution of a plain 
Triangle only) are "ſubmitted to the _ 

candid Cenſure of the Learned and 1 
* | „ 


be Author all in Explaining 'bis 
N Method of Sailing by Parallel 
Paris, has treated of the Theory and 


8 8885 of Oy in * fo fully, 
that 
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The PREFACE. v 
that this Book will evidently appear 
Far to excel" any other of its Bulk or 
Price extant, with reſpect to the ſeveral 
Parts of Sailing now known and practis d; 
and to introduce the Learner into the 
Knowledge thereof, by inſtructing him 
plainly and eafily to form a great many 
Figures in Practical Geometry, which 
not only inures him to the Uſe of Scale 
and Compaſs, but alſo from the ne- 
ceſſary Parts given of - a Geometrical 
Figure, to project the Whole, in ſuch 
a Manner, that all the Angles and 
Sides of that Figure, may be meaſured 
by the Scale from which the Parts 
given were laid down: And as to the 
demonſtrative Part, there is a Compen- 
dium of Speculative Geometry, which 
contains all thoſe Propoſitions which 
are neceſſary for underſtanding the 
Whole, without any Reference to Euclid; 
alſo the plam Trigonometry, with the 
Application thereof, as well to this new 
Method, as to Plain and Mercator's 
Sailing, is in a moſt eaſy and familiar 
Method, and, that as dell in Regard 
to the Projection of the Figures, as the 
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vi The PREFACE. 
Coleulation-of the Parts, or finding the 
Paris required by the Gunter's Scale: 
Together Toit Tables of Latitude and 
| Departure, and of Meridional Parts 
To wory great Exattneſs. Theſe, with 
very curious Problems in Survey» 
5 are the Subjoft of the Firſt Part. 


The Second Part contains the Pro- 
gain of the Sphere, with the ſeveral 
Caſes of Spherical 'Trigonometry, and 
their Applications to thoſe Problems of 
Uſe in Navigation, :inwhich the Schemes 
are intirely New, being made to repre- 
ent thoſe Solids the ſeveral Problems 
relate to, which will be (it is preſum 4) 
à vaſt Help to the Imagination, it being 
ory arfficult (except to thoſe well ac- 

ainted therewith) to concerve the De- 
monſtration of Solids un * drawn | 
on a Plane. 


"Thus 1 dase 8 to git 
4 a very brief Account of the Contents of 
"this Book, and muſt beg leave. at, 
t do Faſtice to my ingenious Fri 


1 100 George Gordon, ro % I aw 
_ oblt gud 


obliged for the Second Part intirely, 
and for his Aſfiftance in the Whole. 


The Hiſtory of the Life and Works 
of the Author, may be here expetted, 
as in Modern Prefaces of this kind; but 
the ſeveral Treatiſes he has publiſhed, 
fo manifeſtly fſhew the Power and 
Strength of his Genius, and the Great- 
neſs of his Induſtry and Application in 
the ſeveral Inventions and Improvements 
he has made in the abſtruſe and difficult 
Parts of the Mathematicks, which are 
made by him more uſeful, becauſe eaſy 
to the meaneſt Capacity, that they * 
can give a juſt Idea of the Author, and 
in them is his Monument. If this Or- 
phan I have introduced to the World, 

proves of any Advantage to the Publick 
in General, Entertainment to the Ju- 
dicious and Curious, Inſtruction to the 
Lovers and Learners of the ſeveral 

Branches therein; and any Increaſe of 
Character to the Author, all the Views 
T bad are anſwered : Net J entertain ſome 
Hopes, from the Fineneſs of the Invention, 
that ut may be encouraged and cheriſhed 
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wo. Practice, eſpecially. ſhould it 

received. by. ſo great a' Patron as has 
ercator's. Chart with his 
Original Manuſcript was. ſubmitted, 
and who was ſo . well acquainted with 
; 's Hand-awriting, and Ability, 
reſs his Willingneſs to recommend 
Printing thereof to any Perſon I 

ould iniruſt therewith. 


n 


* 


to vg, eb ABER. i 


r 


- 


4 * * I £ * * - 
1 J j 1 f 5 8 * — 
P 8 \ a * 
— * e 1 ” I A F * * Fi 
8 15 pO WT ? . T 
is ; : Fa 3 ＋ C . * . C ; 4 
r go 
q * 
bY Sa £ £- 
. f E £4 
2 — — 
N . 
— 


5 8 ut . 2 , 25 —— f „„ ; 
8 * k 45 - * 
54 * ? F 9 $34 — 91 


8 — 
* * 
Funn * 1 5 0 4 
* 


n r 2 * 


8 To l v. 


0 b I bg 3s x 5-6 gc. 
* DEF TNT IO NA 


EOMETRT is. the Science 'of 
the Relations 'and Properties 
extended Quantities, , of 7 9 
there arethree Kinds, viz. Quan- 
tities extended only in 8 
which are called Lines: 
7 extended in 9 and Breadth, call 
FREY 


| ande, and e rg os Parts. 
. Lines are generated by 2a "Maſon of. a 
Point, and are of ſeveral Kinds; firſt, A figait 
| = is Ho which lies 1 

Ually betwixt (or is —ͤ— 
1 neareſt Way be- AT 5 t B. 
ensen)! its einn A and 9 
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— - A Courtnoiu of 

4 A circular, crooked, or oblique Line, is 
that which lies bending "between thoſe Points 
which limit its SO AS the TAS: 0 D, or 
F 22 Ge. 5 


*S. Parallel Lines are | tho or le equally 


diſtant from one ano- 
I tber in all their Parts, 
Le ek b Viz. Such Lines as 
being infinitely ex- 
tended (upon the 
ſame Plain) will ne- 
ver meet, as the 

- Lines A B and ab, 

or C D and e d. 
6. Lines not 1 but inclining (viz. lean- 
ing) one towards tr, whether they are right 
Uo Tos Lines, or circular Lines, 
will (if they are extend- 
ed) meet, and make an 
Angle; the Point where 
they meet is called the 
Angular Point, as at A: 
And according as ſuch 
Lines ſtand nearer or 
farther off each other, 
the Angle is ſaid to be 
leſſer or greater, whether 
the Lines that include 
the Angle be long or 
ſhort.. That is, the 
| Lines Ad and Ah include the fans ans Angle 5 
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PARAcTIOAL GeroMETRY, 3 
A B and A C doth, notwithſtanding that AB is 
longer than A d, 2 
J. All Angles included between right Lines, 
are called Right-lin'd Angles ; and tho included 
between circular Lines, are called Spherical An- 
gles; but all Angles, whether right-lin'd or ſphe- 
rical, fall under one of theſe three Denomina- 
tions. 


| A Right Angle. | | 

V 2. ve.) An Obtuſe Angle. Xt 

An Acute _ EY 

8. A Right Angle is that which is included be- 
twixt two Lines that meet one another perpen- 
dicular. 

That is, when a right Line, as D C, meets s with 
another right Line as 
AB, ſo directly as that | Pp 
it neither inclines nor de- 
clines to one Side more 
than the other, but 
makes the Angles on both 
Sides of it equal, as at 
*, x ; then are thoſe An- 
gles called Right . * the Lines ſo meet- 
ing, are ſaid to be perpendicular to each other. 

That is, AC and CB -are perpendicular to 
DC, as well as DC is to either, or both of them. 
9. An obruſe Angle is that which is n. 

than a right Angle. 
Such is the * included berween the Lines 
AC and CB. | 


10. An acute An- bp > -—B 
gle is that which is - ae RE» 


leſs than a right An- pn 
- gle, as the Angle in- wh I: | 
cluded between the Lines CB and CD. 


B 2 
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1 The two. Angles | are gully called Oblique 
—_—_ 
£2036 A Superficies or tte is mh upper „or 
the very Out- ſide of any viſible Thing: But by. 
| Superficies in Geometfy, is meant only ſo mu 
of the Out-fide of any thing, as is incloſed within 
a Line or Lines, according to the Form or Figure 
of the Thing deſigned ; and it is produced or 
formed by the Motion of a Line, as a Line is 
deſcribed by the Motion of a Point; thus, 
1 the Line A B. were equally moved 
(upon the fame Plain) 


— to CD; then will the 
— Points at A and B, de- 


— == 


— 


ER_—_== - ſcribe the two Lines 
C n —D AC and BD; and by 


ee y- o 25,44 ſo dein re, they they will form 
nd incloſe) the Superficies or 


igure ABCD, 


being a ur of two Dimenſions, Viz. It 


hath Length and Breadth, but not Thickneſs : 


Conſequently the Bounds * or Limits of a Superfi- 


cies are Lines. 


Note, The Superfities of « any „ Figure, 15 ee, 


"FRG its Area. 


12. 4 | Circle cis is a plain W . ets ; 


Area i is bounded or limited by one continued Line, 


called the -Circumferente; -or Periphery of the 


Circle, which may be thus deſcribed or drawn: 


"Suppoſe a 27 80 Line, as CB, to have one of 


its extreme Points, as C, ſo 
fix d upon any Plain, as that. 
the other Point at B may. move 


about it; then if the Point at 
+ th" e moved round about 


ths 


4 (upon the ſame Plain) it will 


deſcribe a Line equally diſtant. 


* 


Pr'acricar Gora r. 5 


in all its Parts. from the Point C, which will be 
the Circumference, or Periphery of that Circle, 
the Point C vill be its Center, aid the contained 
Space will be its Area; and the right Line CB, 
by which the Circle is thus ved, i s called 
Ke N of che Circle: | "WY" 
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From hence tis eiten that an in 3 Num- 
ber of right Lines may be drawn from the Center 
of any Circle, to touch its Periphery, which will 
be all equal to one ond er they! are: all 
Radius s. 

And with a little Conũderation, is will be al 
to conceive, that no more than two equal right 
Lines can be drawn from any Point within a Cir- 
bay, to touch its Periphery, but from the Center 
only. 

13. Equal Circles are thoſe which! dns atten 
Radius's; for it's plain, by the laſt Definition, 
that one and the ſame Radius (as CB) muſt de- 
ſcribe equal Circles, how many ſoever they arc, 
. 14. The Diameter of 
a Circle is twice its Ra- 
dius join'd into one right 
Line as A B, drawn. 
through the Center C, 
and ending at the Peri- 
phery on each Side. 

That is, the Diameter divides the Circle into 
two equal Parts. 

15. A Semicircle (viz. Half a Circle) is a 
Figure included between the Diameter, and Half 
12 F cut off oy the 2 0 . . as * 


My 16A 


4 3 * 
5 1 


6 1 eswe bes WY 
16. A Quadrant i is half a Semicircle, viz. one 
rter of a Circle; 

and it's made by the 
Radius (as D ny ſtand- 
N ing rpendic n 
. the Diameter he Con 
ter C, cutting the Peri- 
. phery of the Semicircle 
0 F in the Middle, as at D). 
Therefore a Quadrant, or half the Semicircle, is 


the Meaſure of a right Angle. 


17: A Chord Line, or the Subtenſs of; an 
Arch, is any right Line that cuts the Circle 
into two unequal Parts, as the Line 8 G, and is 
always leſs than Diameter. - 


18. A Segment of a 88 is a Figure in- 


| cluded: betwixt the Chord and that Arch of the 


Periphery which is cut off by the Chord ; and it 

may either be greater or leſs than a Semicircle, as 

the Figure SMG, or 8 PG. 

SF 9- * u is a Figure included between two 
Radius's of the Circle, 

and that Arch of its 
Periphery where they 
touch, as rhe Figure 
ACB; and the Arch 
AB is the Meaſure of 
the Angle at C, includ. 
ed betwixt the Radius 8 
AC and BC. 


Var All Ang les if Seffors are called au, ; 
441 ibe Concer of a Circle. 


20. An Angle | in the wa of a Cirele, is is 
which is included between two Chords that 
wy Hong one and "=o ame Point in the Peri- 


phery, 


I. 
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PR ACTICAL GEOMETRY: 7 


phery, as at D, and meet with the Ends of ano- 
ther Chord Line, as at F and G. 5 

That is, the Angles at D, at F, and at G, are 
called Angles at the Periphery, or Angles ſtand- 
ing on the Segment of a Circle. 

There are two Kinds of 'Triangles, viz. Plain 
and Spherical; but we have referred the Deſini- 
tions of ſpherical Triangles, to thoſe Sections that 
treat of ſpherical Geometry. 
21. A plain Triangle is a Figure whoſe Area is 
contained within the Limits of three right Lines 
called Sides, including three Angles, and it may 
be divided, and takes its Name either according 
to its Sides or Angles. - 


Hr by its SIDES. 


22. An equilateral e | I 
Triangle is that which RE et | 

_ hath all its three Sides | 
equal, as the Figure / - 
AB: „ 1 G — 


That is, AB = BC 
=AC.: 

23. An Iſoſceles Tri- 
angle, is that which hath 
only two of its Sides 
equal, as the Figure 
B DG. 


That is BD = DC; 
but the third Side BC 
may be either greater or 

leſs, as Occaſion re- 
quires. by 


8 / cou PENDIUM: lf" 

Rd $602 w_ 24. Scalenous Trians 
N * g is that which hath 
825 LN 2 its three Sides un- 


SA >. it e an £3 A 00 <q ual. 
HEE: Ke: 4 = as the Tiures 
* H K M. | 


77 ®* + 


peed! 1 bg ts: ANGLES 


C 0g. A right-angled Triangle is that which hath 
< 7 one right Angle; that 
Pre is, when tyre of its Sides 
R 27 — ay to each 
_ other, as CA is ſuppos d 
to be to BA. There- 
fore the Angle at A, is 
aright Angie, Jer Def. 8. 


I vote, 21 „5 jon — - of, ny * l- ang lad 

. Triangle (as BC) ; is called Hypothenuſe, and 

S lunge of the other Two ges, which in- 

BO * the right An ww le 25 as BA) is called 

by = "Baſe: The third e (ar c A is | called 
. or Perpendicul ar. f 


1 An obtuſe angel Tran, gle. is 19 ubich 
— 3 one of its Angles eraſe, and is called an 
a Trang hes. ſuch is the third Triangle 


© = An acnte-angled Triangle is that which 
N 2H its Angles acute, and is called an O- 
boa Tiangle, Ach are the firſt . ſecond ＋ 55 
e ABC, and BDC. . 


2 ote, All Fridus les that DEED a right Aut. 
duet ber they are acute or obtuſe, are, in 
general Terms, called Oblique T riangles, 
Tab "ny offer D iniTion as EY: And 
"at Sow: has | OW : F 7 be 


CY 
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"the: hols geſt Side of every Oblique T al” 


F | uſually led the Bale ; the other 605 are * 
called ant or Legs. 5 6 


. — The Aliens: Height of any plain Trian- 
3 the Length: of a 
right Line let fall per- 
pendicular from any of 
its Angles, upon the 
Side oppoſite tõ that 
Angle from whence it 
falls, and may fall either 2 
within or without the 
Triangle, as Occaſion | 


requires, and is denoted by LED) two pricked Lines | 


in the annexed Triangles. 


29. A Square is a plain roger Figs. * 


Area is limited by fou.r 
equal Sides, all perpen- 3 3 


enter one to another. 


* 
— 


That is, when Ih Ws: "Th 
and theAdglesA, 1B. C. D, WD Oe OP 
are all equal, then its CC | | 
uſually called a Geome- i 
trical Sguare. 

30. A Rhombus, . 
Diamond- like Figure, is | 
that which hath four 
equal Sides, but no right 
Angle | . 

That is, A Rhombis . e 
is a Square moved out of i its right Polio, a as ba 
5 Fmnexed Figure, | 


ce 


10 A Cowurtnviu of.” 


L A Redtan e, ora right-angled Parallelo- 
| *. oo by . gram (often called an 
f f c Ny Oblong, or long Square) 
Sg is a Figure that hath 
four right Angles, and 
its two op poſite Sides 


equal, VIZ. C =D and BH = CD. 
32. A Rhomboides i is 


Y Ts, an oblique-angled Paral- 
* 3 do lelogram ; that is, It is 
' a Parallelogram moved 
out of its right Poſition, like the annexed Figure. 
33. The Altitude, or Height of any oblique- 
angled Parallelogram, 
vi. either of the Rhom- 
bus, or Rhomboides, is 
a right Line let fall per- 
pendicular from any An- 
| gle upon the. Side oppo- 
ſite to that N wo may either be within or 
without the Figure, as the prick'd Lines in the 
annexed Figure. 
34. All four- ſided Figures, which differ from 
thoſe before mentioned, 
D are called TrapeZia. 
| That is, when they 
1 have neither oppoſite 
c Sides, nor oppoſite An- 
gles, equal; as the Fi- 
gure ABCD. 
35. A hn 1 drawn from any Angle in a 
four-fided Figure, to its oppoſite Angle, is called 
a Diagonal Line, and will divide the Area of the 
Figure into two Triangles, being denoted by the 
prick'd Line AC, in the laſt Figure. 
36. All right-lined Figures that have more than 
four Sides, are called Polygons, whether they be 


regular or irregular. 
37. A 


* 
1 i "4 F 
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PRACTICAL GEOMETRY, 11 


37. A regular Polygon is that which hath all 
its Sides equal, ſtanding at equal Angles, and is 
named according to the Number of its Sides (or 
Angles) : 15 | 2 

That is, If it has five equal Sides, it is called a 
Pentagon ; if it has fix equal Sides, it is called a 
Hexagon ; if ſeven, it is a Heptagon; if eight, 
it is an Octagon, So. 1 . 


Note, All regular Polygons may be inſcribed in 4 
Circle ; that is, Their angular Points, how 
many ſoever they haue; will all juſt touch 
the Circle's Periphery. | 


38. An irregular Po- 
lygon is that Figure 
which hath many une- 
qual Sides, ſtanding at 
unequal Angles (like un- 
to the annexed Figure, FEES. 

or otherwiſe) ; and of ſuch Kind of Polygons 
there are infinite Varieties; but they may be all 
reduced to regular Figures, by drawing diagonal 
Lines in them. | f ” 


Theſe are the moſt general and uſeful, Defi- 
nitions that concern Plain or Superficial Geo- 
z metry, 3 TY | 
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11 ae or Divide-a a Line: given. 645 
. 5 A B Y imo two 9 55 Parts. 8 
ROM the Point A, with any Radiusr more 
| 8 than half the Line, deſcribe an Arch. 
2. From the Point B, with the ſame Radius, 
= Jeſeribe another Arch that interſects the former | 
3 in two Points, as x and y. 
— T4 Ruler laid to the Interſections, will di- 
4% vide the Line into two oy" Parts i 3 
required. | BY 


. a 5 N. B. This all ths 10 FO a Porpendieutar 
—_— * "= 19 * any ak Line ag a ah 


ww 
k © 


7 raiſe a Perpendicular So 4 given Point x, | 
* in a given right Line A B. 


4 3 on the given Point *, take xc, = 
_ xd, then from d, with a Radius greater 
= than d A "defer ibe-the Arch n u. 

1 2. From c, with the ſame Radius, deſeribe an 
3 e to interſect the "RO as at Ty 


 Pracyticat GEOMETRT. 1 ; 
A Ruler laid to the Point x, and the Inter- 
= ſection 5, * * the 4s 4 


n 


1 - *% i 
. * 1 — 2 o - bo 
* * 7 Por , EF * x o * 4 2 
i ” * 
. „ ; * 5 a " - : 1 : 
* * 5 9 
1 a ; br 
, „ * 6 "Ti 


To bet fall a 3 as 4 x, upon 4 


given right Line AB, from any Mened 
« Point that is not in it, as from C. 


F R OM the given Point * deſeribe woch 
an Arch of a Circle, as will croſs the 
given Line A B, in two Points, as at d and 9. 

2. Then biſſect the Diſtance between thoſe two 
Points d y (by Prob. I). 

3. Draw the right Line C 4 and j it will be the 
b . „ , 


ROB. W. 


. To kk ea ate upon the End of 8 
 grven right Line, as at B; or upon a Point 
aAſſigned in that Line. 


. Wor PON any Point out of the given Line, | ; 
J as at C, deſcribe ſuch a Circle as will " 


<# md ecard. PETR 


s PPP 


EN 8 ä 
* * 1 . * . " 4 iy . 
by n r N nr 9 e 
8 e VEE - x 
Wa 7 - 


* 2 a ned, * 50% 34 nee EI OTE 

* ET. ET \ Shs. ln SIE EE TY, * 

RTE onto ae ied 
9 * y * 


R n 
AE bu N r 0 
ne : x 


x 


* 


. lf Comprenpiua of 


Pp is to be raiſed, as at B (viz. make CB 
Radius) and alſo let it cur the Line i in any other 


Part, as at A. 
2. "And from the Point where the Circle cuts 


the given Line, draw the Diameter A CD. 
3. From the Point D, draw the right Line 
DB, and it wu be a Perpendicular as was re- 


ao 


1 0 | 7 9 
. ' | Fd Je 
* f Pd ; : * 
W ; 


5 Lot 


p R O B. V. 


d draw a right Line as FD, parallel to 4 given 


right Line A B, that Hal paſs . any 
aligned Point, as at x. 


1. FARE any convenient Pein! in the given 


Line, as at C (the further off * the bet- 


ter) make Cx Radius, and with it, upon the 


Point C, deſcribe a Semicircle, as H Mx N. 
2. Take the Arch HM, — to the Arch 


XN. 
3. Through the Points M and 4, draw the 


. Line FD, and it will ve the Parallel re- 


goed. EE 


535 
-\R 
E. 


3 
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"ROK A; 


To make an Angle DB C, from the Point B, equal 
80 a given Angie x y 2. 


1. LROM the Point y, with any Radius, de- 
ſcribe an Arch as mz ny, and from the 

Point B, with the ſame Radius, deſcribe the Arch 
ab. 1 5 3 : 

2. In the Compaſſes take the Length of the 
Arch n n, and lay on the other Arch from atob.. 

3. From the Point B, through the Points a and 
b, draw out the Lines BD and BC, and the An- 
gle DBC, is equal to the given x Y Z. 


F. - : 775 N 


7 2 + 11909 


| From a Point given A, to make an acute Angle 
CD viz. of $0% . 


1. LR OM a Scale or Line of Chords, take 
A the Chord of 60 Degrees, and with that 
Radius, and one Foot of the Compaſſes in the 
given Point A, deſcribe an Arch, as #y. | 
2. From the Line .of Chords take the given 
Number 502 and lay upon the Arch from x to y. 


2 | ; 3. From 


* 


oM PEN DIUu of © 


From the Point A, through x and y, draw 
out the Lines A B and AC, o ſhall "26 Angle 
AC, be an An le of 50w:dj as was required. 


ma 


1 F ant b : 2 a 1 ; + 4 13 . N pe ts. 5 6: 5 
A4 22 „ . | N 4 * w s 6 
0 R 

1 : | * 


1 
T4. 4 : * + * 1 * 4 oo ©. 


om the Line of Chords, to form a right Angle 
e at a given Point 3 


» * 
7. a j * * 4 


ITH 1 Chord of 60, om the Point 
£ x, deſcribe,an Arch as a b. 5 
2 Take the Chord of go? and lay on the Arch 
rom atob. | | 
3. From the Center , through a and b, draw 
out the Lines wound D and the Angle Dx C 


** 


PRRCTICAE GBOME IT. 1 


p R O B. AN. 
From «given Pau A, to make an n Angle, 
viz. of 1309. 
ITH, Pa Chord of, ey FAN the! Point 


* A, deſcribe an Arch, 'as * Ye 
2. From the Chords take 


66 Half the given Angle, 0 —.—— 45 * | 
and lay on the Arch twice "7% 
ny nk TE * 


7 Th e ES 
awd" out the Lines A* en l 30 
and A y, and the Angle y Ax will be equi to 
130% as was 258758 


"TI * *. 
* 


P ROB. . 3 


7 22 4 Sire Angle given | AC B, into 
. two equal Angles, oO 
| U .PON the adi Point C, with . 
| convenient de 0 an Arch, 
as X y 


2, "pa thoſe P * and. 55 * delfrive f 
equal Arches croſſing | Fong, other, as at . by py 
3. Join the Points C and D with a right Line, 

and it will biſe& the Arch y x, and ol SIS 


te AV, WORD ir go] -* 


18 A Conrenorux. 4.4 | 


PER O An 


Upon a br Lin- Nenn as AB, to deere an 
8 E Hangs 


MW "AKE. the 2 Fr 
| 1 Line Radius, and with 
it, upon each of its extreme 
Points or Ends, as at A and B, 
deſeribe an Arch, viz. A C and 


BC. 

2. Join the Points A C and 
B Yo with right Lins and e will "he the 
Tangle bu A bi: 


5 2 * 


b R O B. x11 


* "70 right Lines 13 given to form them into a 
.\Triatgle,” provided any two of them, being taten 
together, be greater than the third. | 


AKE either of the ſhorter Lines Radius, 
„ as AC, and upon either End of the 
longeſt Line, as at A, deſcribe an Arch. | 
z. Make the other Line CB Radius, and up- 
on the other End of the longeſt Line, as at B, 
— 2 another Arch, to cro the firſt Arch, as 
* tres | 
3. Join the Points ca and CB with ri 
Lines, and they will form the Triangle requir d 


i 1 7 Fg BY | 7 ».C 
q ». 4 "a * 
A 4 N. ; : l 
: . Hb. cated oo „ : 
N 3 
| 217 i 
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#7 : 


'P R 0 B. XII. 
= a given right Line, as AB, to form 4 4 
Square. 


PON one End of ho given Line, as at 

* B, erect the Perpendicular B D ( by 

Prob. IV. * equal in Length with the given Line, 
wiz. make BD equal AB. 

2. Make the given Line Radius, and upon the 

Points A and 5 deſcribe Arches ro croſs each 


other, as at C. 3 
3. Join the Points CA and CD with right 


Line, and ar will n the HPO Weh d. 


nB. Ay, 


Two unequal right Lines, as A B end BC, being 
iven, to form, or make of * 4 right-angled 
Farallelogram. | 


1 PON the End of the longeſt 8 as at 


of the ſame Length with the ſhorteſt Line B C. 
2. Then from the Point C, with the Radius 

A B, make an Arch; and win one Foot in A, 

A the. Radius B © croſs the former Arch 


„ Mp 3& 


B, erect a Perpendicular (by Prob. IV.) _ 


» Yd o's. v 


+ 


20 A Conptnpiun 


3, Join D A and CD with right Lines, and the 
PatalStogram, will be form d as was requir d. 


1 


1 4 5. . #7 ©, wy 1 bs | 
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1 * 1 5 R 6 | q 28 i 5 * 
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＋ — * Fo 8. 1 «496 # 4 2 
> p £1 : $ $.3 303 11 2 7 1 J 
i fo the Center 15 given ore. 
* 2 


touch the Circumference. | | 
2. Divide the Line „ into two equal Parts 
(by Prob. I.) and thro' the Middle thereof, draw 
«4 Line A B, which will be * Diameter of the 
given Circle. | | | 
3. Divide the Line A B into two equal Parts 
Gy Prob. I.) and thro the Middle thereof, draw 
4 Line DC, and the Interſection of the Lines 
> and A B, wil be the Center of the given 


I. the Circle draw. any Line, as & y, to 


= 5 * F F 
1 
* a * » 15 = £ - 
*. ; 3 1 
1 v 
- a #% pg" 7 
A £2 


A ni 2007 


4; k. : * Sm; i 2 A £ * * I > oh by 5 82 'i& :: 1 . b 
aA 18 201 8 40 9 2 2 4 „„ $65 S PR 0 B. 


Paxacrrext CromerTay: 


* 
* 4 * . 7 : 7 15 1 Fi 
r o ? Py 0 


Lo deſcribe 4 Circle that ſhall paſs (or cut) thre 
any three given Points not Hing ina right Line, 
as the Points A BC. 


J it the Points BA and nc! with right 
| nes. 

2. Divide the Line A B into two equal Parts 
{by Prob. I.) and draw the Line y. 

3. Afgerthe fame Manner divide the Line'B C 
ZR, two equal Parts, and draw the Line Z, 
and where ; x Line z y interſects the Line x 5 
as at y, will be the Center of a Circle that a wil 
g thra' the Points A B ang. „ 


N. B. It 4 K nent of 4 Dhoeks 1 given, "the 

[Whole nes bg complaated by taking any three 
Pomts in the given Segment's Arch, and they 

proceed as e, in the above Problem. 


22 A4 e l , 


P/R OB. XVII 
In auy Circle to inſeribe or wks a Triangle, 


. whoſe þ hs ſhall be equal to TY 3: wh 1 2 


given Triangle, as the? riaugle F G 


\ E o 


N ote, Any  right-lined Fi ure is ( py to. 1 in- 


feriben 5 in 4 rel, ben all the an e 5 
f that H ahh do f touch, the Circle 4 eri- 


Pbery. | * 2 2 111 4 "af Ts. 


8 any _ Line CY UK 1 as 
Þ 510 to touch the Circle, as at A, and 
then make the Angle KA C equal to any one 
Angle of the given Triangle, as D 20 

2. Make the Angle H A B equal to another 
| Angle of the Triangle (as DG F) then will the 
Angle BA G be equal to the Angle FDG. 


2? 3. Join the Points B and C with a 8 ow. 


and it will form the Triangle t 
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P R O B.. XVIII. 


In any given Triangle, as ABD, to deſcribe a 
*"Gircle that will touch all its Ades. 


IS ECr any two Angles of the Triangles, as 
BY and B b Prob. X.) and where the bi- 
{Ring Lines croſs one another, as at C, will be 
the Center of the Circle requir'd, and its Radius 
will be the neareſt Diſtance to the Sides of the 


7X3 
_ ©," Pe 
WE: 


25 defiride a Circle about auy given Triangle. 2 


THIS. Problem is perform'd in all reſpects 
> © like the 16th, viz. By biſecting any two 
Sides of the given Triangle, the Points where 


the biſecting Lines meet, will de the Center of 


the Circ aner 4 30! 
7 1 1 ® ** 

i 1. B * 1 v4 & «a * = a 4 4 

* *# Tink * 4 — . : 2 "It : * 1 \ . £ : ky 6 ; . ö a 7 21 * 
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1 aſcribe, a * b any given dl. 


| Le 1. D 
Nn the given Circle, di- 
A TER 4 vide it into two equal Party: (b 0 
(erſ% | Prob. I.) and draw E B, whic 

n n be fete Diameter. 1 5 
H:. XK 2. From the extream Points 
of the Diameter AD and B E, with the Radius 
AC deſcribe. croſs Arches, as F, G, H, K; then 
join thoſe Points where the Arches croſs, with 


right Lines, and oy will form * ae re» 


quir d. 1 — bu ds 
e R 0 . NI. 


4 
IF 4 4 3 9 


In 42 ipen ( Grele, ro deſcribe the largeſt Square i 
0 can eomain. e | 


RAW | the” Diameters, 
as DA and EB, biſeQ- 
ing cach other at right At 
the Center C, by Prob. 

2. Join the Points A B 5 dag: 
B, with right Lines, viz. A-B, 
BD, DE, E A, and they will 
Form _ Square TOS: 4 


"> 


» 
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PRACTICAL GEOMETRY, 25 


P R 0 B. ( XXII. 


1 any xiven right Line, as A B, to deſeribe a 
Uh pt Pentagon, or ue ded Polygon. 


JAR the given Line Radius, and upon 
11 each End of it deſcribe; a Circle, and 
W — thoſe Points where the Circles croſs each 
ae £. as at x and G; draw the right Line GE x. 
2. From the Point G, with the fame — 
the Arch H A EBD. 
3. L a Ruler to the Points * 
mark Mere it croſſes the other f 
alſo +the&Pointy /H' and E, and mark where it 
croſſes rhe other Circle, as C. | 
4. From the Points F and C (with the ſame 
Radins as befare) deſcribe croſs Arches, as at K, 
join the Point AF, F K, K C, and CB, with 
right Lines, and they will form the Pentagon 
requir d, viz. AF =FK =KC = CB = AB, 
gud the W at A 2 ByC,K,F F, will be equal” 


ward R 
* 
3 
” 4 
* 


à Cirele 


be” 


* 


1. VIVID E the Diameter 
193 AB of the given 'Cir- 
cle, into ſeven equal Parts. 
2. Raiſe) a ependicular. 
as e B, three times as long 
as the Diameter AB, and a 
2 ſeventh Part over, as B C. 
3. Draw a right Lige from 
c to D, the Center ot the gi · 
ven Circle, and that gives you 


che Triangle required. UI 


9 


+. JNIVIDE-the Diameter A B into ſeven 


equal Part. 
2. Double this Diameter, and add a ſeventh 


Part of itſelf to it, as A C. 
3. Divide the firſt Diameter A B, into two 


equal Parts, as A D. 
4. Divide 
e . 


PRACTICAL Gubbr wn r. 27 


4. Divide the Line D C into two 1 * Parts, 
and taking the middle Point E, draw from D to 
C an Arch, as DFC. 
5, Raiſe a Perpendicular upon E, to touch the 
Circle i in F; this Line E F ſhall be a Side of the 


wages ae 5 BY rer is Werne 1 ha * 


31 


P RO B. XXV. 
To make one Square equal 70 Fo. a 


„LS. one of the given x 
| Squares be equal to 
ABCD, and _ other E F 
G B. 'S FS f J 
2. Join them both ſo that 
the Sides of BC, B E, may 
* one right Line C BE... 
mo 3 and make 
al * on AE, whoſe Sides 
be equal to A E, as A Ern, — will be 


1 en required. 
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5 PR OB. 
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1. 
ol 
” 


vi ch pm gde 5 be ABC D. 
_— the Baſe D C, and add to it 
the other Side of the Parallelogram BC, CE. 

2 28. Divide the Diſtance 


r | H DE into two equal Parts, 

Ae In and from the middle 

ey Point F, draw a Semicir- 
F de from D towards E. 


3. Raiſe a Perpendi- 
cular upon C, to touch the Semicircle in G; this 
will be a Side of the required Square; ſet it 
upon the firſt Line, from C to I, and you will 
have another Side, as CI. 

4. Keep the ſame Diſtance, and from the Points 
G1, make two Arches to interſect at II; join 


G H and HI together and TIO, Square, it be 


nr” * 61 ade of eps ik 
a 1 5. 12:40 ads: bog COMA 
. * R 0 B. XXVI, 0 

4 10 fk 90 r 0 a 
ws rr or Jo iner r 


12 
- 
2. 


0 and take the Diſtance B D. 
and ſet upon the lengthened 
y Side AB, from B to E, and it 
2 Þ will be a Side of a Square dou- 
5 ble to that given at firſt. 
2 Obſerve what was ſaid above in Prob. XI. 
PRO B. 
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P RO B. XXVII. 


To make an equilateral r Square equal 
to an oblique-angfed Parallelogram ABCD. 


'ROM the Points A and B, let fall Per- 
pendiculars to the Line CB prolong d as 
B F arid AB! 5 

2. And when you have the righe-angled Paral- 
telogram A E muy wn on "y Prob. XXVI. | 


. 


" O08 


3 
Rs 
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P RO B. XXIX. 
To make a right-angled Parallelogram equal to the. 
| Rhomb, ABCD. 


ROM the Pola B C, let fall Perpendi- 
culars upon the Line A D, and ſet the 
Diſtance B E from the other Point C. as CF. 
2. Join E F together, and the Sides BCE F 
will make a en N A to 
a f app Nane 


30 A CoutENDTUX of 


P R 0 B. XXX. 


To. . an a , right-angled Square i 
᷑0 be Triangle ABC. * 


ROM A let fall the 1 1 
make F D equal - C B, and draw E F 

rale to A D, and equal to it, and join E A. 
2. Then, by Prob. XXVI. make the Square 
PH GF equal Parallelogram EAD P, which wil 
likewiſe be — to the Triangle AB C. 


. P R 0 B. XXX. 


In a given 838 Triangle A B C, to inſcribe 4 
- Square, and the greateſt Hexagon that can be 
er in the ſaid T1 riangle. Ts eel 


I N any. Place of the Trian ole; 3 ** = 
D E parallel to the Baſe AG, upon D E make 
the Square DE FG; which Square, whether it 
fall within the Triangle, as in Ex. I. or without, 
as in Ex. II. is no Hindrance, by means of the 
Points F and G, which ſhall be either within or 
without the Triangle, as in Ex. I. & II. draw 
the Lines BH and BI; the Line H I, cut off by 
the Lines B H and B 1, is a Side of the 9 
HI LK to be . 

S | . For 
4 | 
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Practical GEOMBETRNY. 31 
For the Solution of the ſecond Part of the Pro- 
poſition, to draw the greateſt Hexagon in a given 
equilateral Triangle, divide each Side of the Tri- 
atigle into three equal Parts, join the Extreams of 
the ſaid Diviſions by right Lines, and you will 
have the Hexagon requir'd, which is ſo plain by 
Ex. III. that there's no need of farther Expla- 
nation. 8; #47 | = 1 E 
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net 1 RO B. ell. 4 
Bene 740 given Lines, AB 45 7 ud 
141 A Bs a mMenn: Proportional, 14 534" 14 


1 AW aa Line and ſet AB um E to P, 
and CD N- to G, divide E r eke 4 
Parts in the oint I, Which as 4 
9 with the Diſtance H E HG, deſcribe 
the Semicircle EIG; upon F "raiſe the Perpen- 
dicular FI, to ouch the Circle in I; then will 
the Line F I be the mean * 0 


8 
C——D - 


5 R 0 B. XXX. 


The Sum of the two Extreams being given in one 
Line CD, and their mean Proportional A, to 
find the Extreams. 


D l the Line C D into two equal Parts 
in the Point B; from the Point B, with the 
Diſtance B C, or B D, deſcribe the Semicirclo 
CED; upon 'the Point D raiſe the Perpendicular 
DF equal to the mean Proportional given A, 
draw FE parallel to CD, and E G parallel to 
FD, then CG «2d GD, will be the Extreams 
required. | 


"WF 2 „ N ren a ads. 1 fl * 
n R 3 
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Home à Point given A, to draw the Tangent A B. 

E | ROM the Point E, draw the Line EA? 
3 ſo from the Point C, being the Middle of 
AE, as a Center, with the Diſtance CA, or CE, 
3X deſcribe the Semicircle E DA; laſtly, from A, 
by the Point D, which is the 'Touch-Point, draw 
che Line A B, which touches the Circle only in 
the Pointe D, and is the Tangent required, 


P R O B: XXXV. 


By a Point given in the Circumference of a Circle, 
as 1 to draw a Tangent, as BC. 
TDROM. the Center E, thro the given Point 
2 A, draw the Line ED ſo that A D may be 
equal to AE; biſect ED in A with the Line 
Bc, which Line will be the Tangent required. 


» Dd „ 
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- b N OB. NI. 


Gives the Circle A B c; Lan ls: Ee *. D J E. 
ae t find the Touch-Point. ky 


7 'R OM ihe Cedede F. let fall a. TEM 
I upon the Line DE; 'the Point A, where the 
—— cuts the Tangent, is the  Togch-, 


45 
22 eU # 


Point an care 


* R 0 . NI 


About 4 4 Fiven urch: fo 1 rden a regular b. 
4 1 ef any Number of Sides. 3 | 
1 71DE- your Circle into as many equal 
Parts as you would have your Polygon to 
contain Sides, and draw Lines from the Center to 
thoſe Diviſions which gives the Touch-Points, for 
as many Tangents as your Polygon contains Sides; 
for Example, Let the Circle be A B C, about 
which to draw an equilateral Triangle divide the 
Circle into three equal Parts in the Points A, B, 
| and 75 to which Points Near Lines from the Cen- 


_ PraAcricar, Grometay. 35 
draw the Tangents E E, FG, and G E, per 


Prob. XXXV. which, by their InterſeQions, will 
form the ee Eringk E FG * 


x : i 
- - : * 


PR 0 FY VIII. 


In a right-lined T1 angle. A BC, or in any other 
regular Polygon given, to deſcribe a Circle. 


IVIDE two of the Angles, as A and C, 
into two 15 ual Parts, and draw the Lines 


AD and C D, their Interſection D will be the 
Center of the Circle required.” 1 Uh | 


I. 
e eee 
222 


A 


PROB. NN. 


Lo deſcrids a Circle whoſe Area ſhall be able to 
k bat of a given Citcle. 

n OUT the given Circle circumſcribe a 
Square by Prob. XX. and about that 

circumnſeribe dues Circle by Prob. XXI. this laſt 

contains in its Superficies, double to that of the 

D 2 given 


* 


0 
e 


faid Squares. 


will K C and C L be the Extreams required. 


36 A Courtnviox of 
wen Circle; for if you circutſcribe another 


quare about this laſt Circle, this Square circum- 
ſcribed about the greateſt Circle, is double to the 
Square circumſcribed about the leaſt Circle, be- 
cauſe the Side of the greateſt Square is equal to 
the Diagonal of the leaſt; likewiſe the great Circle 
is double the lcaſt, as being: both inſcrib'd in the 


e 


ba x 5 wy | . 2 P / R O B. * 0 NL. 5 7 g F | { : ; 
The, mean Proportional A B, and the Difference of 
the Extreams CP being given, to find the 

. Extreams. _ | : 5 
RAW a Line, and thereon ſet the mean 
Proportional C D, then upon C raiſe the 
Perpendicular CG, equal to the mean Proportional 


AB; divide the Difference of the Extreams C D, 


into two equal Parts in the Point I, with the Di- 


"ſtance I G, and one Foot of the Compaſſes in I, 
deſcribe th 


e Arch K GL, upon the Difference 
CD prolonged both Ways toward K and L, then 


PaAcrical Gens mar: . 


R O B. XII. 


Tu 0 | unequal right Lines, A and B, bei given 
e 6 a third Proportional. 1 : 


RE RG i > = 


A KE at Diſcretion the Angle ck, make 
D F equal to the given Line B, and FC, 


ö or DG equal to the other given Line Az draw 
po, and draw CE parallel to FG; the Line EG 
will 'be the third inn N | 


> 


p RO B. XLII. 


wo different r * Lines 11 given, to "oy a 
| j aourtb Proportional. $ - 


TAKE at Diſcretion the A Angle A B 0 then 
make BD equal to the Line gi given, 
BE equal to the ſecond, and D A equal to the 
third ; join the Points D and E by the right Line 

DE, and make AF parallel to D E, which gives 

you the fourth nn FE. 


F 
[4 
7 
2 
f 
I 
z 
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P R O B. XIII. 


To Wo right Tine A ad B being given, to cut 25 
of them into two Parts, ſo that the four Segments 
may be Proportional. | 


DE AW the Line CD pail to the given Line 
B, and the Perpendicular D E, equal to the 
other given Line A ; draw the Line C E, and 
from 15 the Middle of the Line C D, deſcribe the 
Arch CGD; ; then draw GF parallel to DE, 
and G H parallel to FD; the Segments CF, FG, 


GH, and HF. will be that which was demanded ; 


for CF is to FG, as FG to GH; and FG is to 
GH, as GH is to HE. & 


COMPENDIUM 
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1 \ 


SE CT. 


[ order to demonſtrate FED of the 
following Propoſitions, I ſhall pre- 
miſe the following Axioms, or ſelf- 
evident T ruths. 


N * . Quantities that are equal to a third, 
are equal among themſelves. | 


bh * If equal Quantitiesare added to thoſe Quanti- 
ties that are equal, their Sums all be equal. 


5: If equal Quantities be taken gay from 2 
ume the Remains ſhall be equal. 


4 Equal Lines, and Angles placed one . 
another, — will exceed. | 


D 4 Signi- 


55 + "Signifes FR the two 8 — 

ubich it is placed, ſhould be added together. 

— Signifies, that the Quantity to the right 
Hand of the Line, ond be ſubtracted from 
that on the left. 


* Signifies the Multiplication: of the two Quan» 
titles. 


_ Signifies the Diviſion ot the left Hand 9 
tity by the right. 


Equality; and ſignifies, har the Numbers 
on each Side of this Sign are equal. | 


L. Signifies an Angle in general. 


P R OP. 


Y F 4 right Line ftand upon (or meet with) avather- 
_— $74.0 the Angles made by the Meeting of tboſe 
to Lines, will be two right Angles, or wo 
5 65 * to two right ones. 


JupPOSE the Lines to he - 
| AB and DC, meeting in 
2 be Point C; upon C deſcribe 
2 Circle at Pleaſure, then will 
che Arch AD be the Meaſure 


5 5 A B of the Angle x, and the Arch 
A E DB, the Meaſure of the An- 
3 TR # ; but the Arches AD and DB, are equal 
_— do a Semicircle, or 180 Degrees, — the 
= Angles x and n are equal 180 Degrees, which was 
i 8 6 fy 
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COROLLART 


It's evident from the foregoing Propoſition, 
that if the Angle x be equal to go Degrees, then 
the Angle u is alſo equal to 90 Degrees; but if 
the Angle x is obtuſe, then the Angle # will be 


acute.. | | 
Allſo, That if ſeveral right Lines ſtand upon, 
or meet with any right Line at one and the ſame 
Point, all the Angles taken together will be equal 
to 180 Degrees, or two right Angles. 


PROP. II. 
If two Lines interſoct or cut each other, the two 
| oppofite Angles will be equal. ©" © 7 
T ET the two Lines be A B | 5 54 


and DE, interſecting 
each other in the Center c, 
then the Angle c, and the 
Angle e, will be equal to 180 
Degrees, by Prop. I. and the 
Angles e and 4, equal to 180 | B 
Degrees, by the ſame Prop. I. conſequently if 
Le be taken away, which is common to both, 
the Angle at 2 will remain equal to the Angle at 
c, by Axiom III. | | ; 


it; COROL : 
From hence it's evident, that if two Lines in- 
terſe one another, they will make four Angles, 
which taken together, will always be equal to four 


right Angles. 
® * PROP. 


\ 


R r 
1 


A Courtnvpiua of | 
PROP. III. 


F f2v0 Triangles have two Sides ; of the one, Tues to 
no Sides of the other, and the Angles between 
theſe Sides equal, theſe Triangles will be equal in 
all Reſpects; that is, if AB=DE, and AC 
=DFP, and the Angle A = Angle D, then i is 
 CB=EF, and LC = L F. f 


DEMONSTRATION. 


3 is evident by Axiom IV. that if D F is laid 
on the Line A B, they will not exceed each 
other, and the . A = . D by Suppoſition, and 
the Lines AC and FD muſt have the fame Dire- 
Qtion, conſequently the Triangles laid one upon 
another, F D muſt fall on A C; if fo, the Line 
which joins the Points C and B, and E and F, 

muſt be equal, becauſe the Points C and F are 
now but one Point, as is likewiſe B 150 E; a | 


forthe fame Reaſon is K CF 


CO 


From hence it will "Ta that if two Triangles 
have one Side of one, equal to one Side of the 


other, and the Angles at each End road 
equal, the — are 28 in all 2 ped = 


WM 
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PROP. . 


In an  Woſectes Triangle ABC, the [Angles B and C, 
oppoſite to the equal Sides AB and AC, are 
. N TY 


ET AE biſect BC, | 
then A B will be equal 

to AC, and BE equal to 
EC; and AE being com- 
mon to both, the Triangles | BY 
AEB and AEC, it fol- | 
lows, that the Angles at B and c ſk . equal, 

by the laſt Part of Prop. III. It follows alſo, 
has AE is perpendicular to BC, and that it 
biſects the Angle ABC. 


A 
; 
: 


p R OP. V. 


If a Line cut, or croſs two Parallels, the external 
Angle is equal to the internal oppoſite Angle. 


DEMONSTRATION 


) ECAUSE by the Defi- 
nition of Parallels, Pa- 
rallels run the ſame Way, 
they muſt therefore have the 
ſame Inclination to any ſtrait 
Line; for if it were not ſo, 
they could not be parallel; 
thereſore the Angle 4 is equal 
17 Ingo band the Ange ee he 
Angle x. 


1 8 4 8 | 


a „ . n n 7 ved ends F A . y 8 
CEO * A 
* * EY * * +. 
4 4 
* 
* ol 
= 
f a a 
1 - 1 : . 
' | > . * 
\ * 9 
22 | 1 


P R O P. VI. 
any trait Line M N, 7 5 two Parallels, the 


. Angles a and b ang x and y, are 


equal. 
. DEMO NSTR ATION. 
HE Angle a is equal 
"= to the hte 0, oy 
Prop. TI. Alſo the Angle o 
equal to b, by Prop. V. 
Therefore o being equal to a, 


to b, by Aviom 1. Again, 
1 the Angle x is equal to the 
"I ”, by. Prop. U. and the Angle c equal to 


the Angle y, by Prep. V. therefore the Ang le „9 


s equal to the Angle c. EH D. 


* 


PROP. VIL 


The internal Angles * x and ky are equal 76 two 


„ 3 right 4 | 
—_ 7 DEMONSTRATION. 
* "HE Angles o af 6 c are 
equal to two right Angles, 
| Pr 1 and x to c, by 
25 


6 equal. tO 0g 
Prop. V. Therefore x and & 4 


equal to o and c, and therefore 
equal to two right Angles. 


monſtrat 0 
| PROP, 


as alſo to h, a muſt be equal 


As Gar Fe (a and y may be 4. 


* Saf \ 
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wr 007 ODE COM ONE” ' 
be three Augles of every Triangle, is equal to | 


two right ones. | 
N the Triangle ABC, draw DM parallel to. 
the Baſe BC, then the Angles x, b, and y, 
are equal to two right Angles, by Prop. I. but the 
Angle B is equal to the Angle x, and c equal to 
, becauſe alternate; therefore the Angles B, C, 
and 5, are equal to the Angles , >, and y, and 
therefore equal to two right Angles. ©. E. D. 


hls 


0 ORO. 


t. The three Angles of any one Triangle taken 
together, are equal to the three Angles of any 
other Triangle taken together. 5 0 
2. If in a Triangle one Angle be right (or | 
obtuſe) the reſt are acute. a A 
3. If in a Triangle one Angle be right, the f 
other two Angles taken together, will be equal to 
one right one. . " | 3 ; 
4 In every Triangle having a right 
this right Angle is 0 to the Sum of the = 
two Angles taken together. 

5. The Number of Degrees of one Angle of a 
Triangle being known, the Sum of the other two 
Angles is alſo known; and, on the contrary, = 

Sum of two Angles being known, the third is alſo 
known. | 
_—_ | 6. The 


2 25 X YEN -& 8 
* 8 
— - a 1 


W > 2 8 
* x * 55 
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ö 6. The two Angles of one Triangle, either 
ſeparately or jointly, being equal to the two 
Angles of another Triangle, then the third Angle 
af the one Triangle, is equal to the third Angle of 
the other Triangle. 


J. When two Triangles have two Angles of the 


= one, equal to two Angles of the other, then the 
vp remaining Angle of the one, will be equal to that 


—— — Dy 


43 pf the other. 1 | 
1 8. When an Iſoſceles Triangle, the Angle con- 
| tained by the equal Sides, is a right one, the other 
two are each of them equal to half a right Angle; 
= and the Angles of an Iſoſceles Triangle, which are 
4 at the Baſe, are always Acute. 

In an equilateral 'Triangle, each Angle is two 
 Thirds of a right one, or it is one Third of two 
* Angles, and conſequently muſt be two Thirds 
one right. .. - e OT 


kit N 85 e 2 Pe 


PROP. N. 


FF the Side of any Triangle (as A C) be pro- 
' duced to N, the external Angle o will be equal 
to the two oppoſite. internal Angles B and C taken 
together; for o and C make together two right 
Angles, by Prop. I. but by Prop. VI. B and C 
make with A two right ones; therefore o is equal 
to B and C taken togete n. 


* + 
ſe: 1 £ ” 4+ .4 
$ 1 ; : . . * * 
8 * I g 
. * 
FLY 
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PRO 


In every plain Triangle, the longeſt Side ſubtends 

_ the greateſt Angle; conſequently the greateſt An- 

gle of every Triangle, is ſubtended by the greateſt 
Side. = e fr nb 


'FY IS Propoſition is evident by Inſpection; 
for let any of the Sides of a plain Triangle, 
as CB, be produced, ſuppoſe to E, join DE 
with a right Line, then it's evident, that becauſe 
CE is now made longer than the Side CB, there- 
fore the Angle at D is become greater than it was 
before, by the Angle BDE ; and it's plain, that 
the longer the Side had been made, the Angle at 
D would have been more enlarget. | 


I the three Sides of two Triangles are equal, the 
Angles oppoſite to thoſe Sides will be equal. 


HE Truth of this Propoſition is evident by 
the two included Triangles in Prop. IV. for 
they have their reſpective Sides equal, viz. B C 
equal EC, and BA equal AC, and AE com- 
mon to both Triangles ; and it's there proved, 
that the Angles oppoſite to thoſe equal Sides, are 
equal. 2, E D. 7 


2 » 


A Courrtnbriuu of 


Ni. B. The Converſe of this Propoſition holds not 

true ; for the Angles of two Triangles may be 
equal, and their oppoſite or ſubtending Sides 
.... unequal, as it will hereafter appear. 


Hence it follows, that two Angles mutually 
equilateral, are alſo mutually equiangular. 


"PROP. XI. 


The oppoſite Sides and Angles of Parallelograms 
are equal, and the Diagonal A C divides it in 


I N the Parallelogram ABCD, the oppoſite 
& Angles a and o are equal; for 4 is equal to 
o, becauſe alternal Angles, by Prop. VI. but x is 
equal to y by Prop. VI. therefore the Angle à is 
equal to Angle o. Again, The oppoſite Sides 
BA and CD are equal; alſo BC and AD are 
equal; for in the Triangles ABC and ADC, 
the Angles x and o are equal to the Angles y and 
a, and the Side A C common to both Triangles; 
therefore ABC is equal to the 'Triangle ADC 
by Corol. Prop. III. conſequently the Sides AD 
and BE, as alſo AB and DE, muſt be equal. 


CO- 
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CORO L. 


The Line AE drawn to the oppoſite Angles, 
which is called the Diagonal, divides * une 
* into two Denn io 


BRI. 


F the 


PROP. XIIL. 


Parallelograms ind 2 N on the Lol Baſe, and 
Sooke between the ſame Parallels, are equal. 


'H Us the Parallelogram AE M B is age 
to the Parallelogram 'C E MD; for ſince, 
by the laſt Propoſition, A B is equal to E M, and 
EM equal to C D, therefore AC is equal to B D; 
alſo A E equal to B M, and E C equal to M D, 
therefore the Triangles CA E, and DMB, muſt 
be equal by Prop. XI. & III. therefore raking away 
Bo C from both Triangles, there will remain the 
Space A Eo B, equal to Co MD, by Axiom III. 
then, by adding Eo M to both theſe Spaces, you 
will have the Parallelograms AE MB, equal to 
the ALEC In? CEMD, by Ax. IL. E D. 


co 


—  — —_— — = 


5o A Comtennium of 


N 


O RO. 


Henee Triangles upon the ſame Baſe, and be- 
tween the ſame Parallels, are equal, becauſe they 
are Halfs of Parallelograms deſcribed on the ſame 
Baſe, and between the fame Parallels. 


PROP. XIV. 


T*, a right-angled Triang le, as AB c, the 
Square of the . BC (or Side 
fubrending the right Angle) is equal to the Sum 
of the Squares of the other two Sides B A and 
AC: Draw the Line A H parallel to BD, and 
join A D and AE: The Angle DBC is 


equal to the Angle FB A, and add the Angle 


ABC to botb, then is the Angle ABD equal to 
the Angle F BC. Moreover, A B is equal to 
F B, and B D equal to BC, by the Definition of 


a Square; therefore is the Triangle A B D equal 


to the T riangle FBC, by Prop. III. but the Paral- 


lelogram BH is equal to twice the Triangle ABD, 


12 W "B 


4 
ad * — 79 
9 A de 
* 7 
5 


and the Parallelogram C H is equal to twice the 
X Triangle A CE, then the Square A G is equal to 
dcde Rectangle CH, and A F equal to BH, and 
by conſequence the Squares A F and AG are 
equal to the Square B DEC. , E. D. 


n 


e 


The Angle at the Center, is double the Angle at the 
Circumference, when, both- Angles baue the ſame 


7 | Arch for their Baſe; that is, the Angle GEB 
| Is double the Angle GDB. | 


DEMONSFRATION. 
N 1 N an Iſoſceles Triangle, the Angle G EB be- 
1 ing external, is equal to the Angles D and, B; 
1 but the Angle D is equal to, the Ange B; there- 
| fore the Angle GEB is double of the Angle D. 


E. B. 3 
K 


Having#drawn A F through the Center E, 
the Angle BEE is double of the Angle BA F, 
and the Angle CE F is double the Angle CAF; 
therefore the whole Angle BE C is double the 
whole Angle BAC. 2. E. D. | 


\ * 
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x. The Angie ABC in 4 Semicircle, is a right 
Angle. | | 


g. In a Segment greater than a Semicircle, the Angle 
BAC is leſs than a right Angle, 


DEMONSTRATION. | 
> 1. | 


TAVING drawn the Line D B, there will 
| be two Iſoſceles Triangles, BD A and 
BDC, whoſe Angles at the Baſes will be equal; 
therefore the Angle D B A will be equal to the 
Angle DAB, and the Angle DBC will be 
equal to the Angle DC B; but the whole An- 
gle ABC is equal to B A C, together with 
BCA; but in the Triangle ABC, all the 
three Angles are equal to two right ones; 
therefore, on the one Part the two remaining 
Angles BAC, and BCA, are equal to one 
right Angle; conſequently the Angle B is a righy 


- #55 
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| 8 
125 ? : : I. 
Ez I * 


By The firſt Part the two * BAC and 
BC ; together, make one right Angle, there - 
fore B AC one, is leſs than a right Angle. 


In order to demo nſtrate ſome of the following 
Propoſitions, it is neceſſary to ſay ſomething of 
Proportion, which. I ſhall do in the- — 
e . 


e 4 


Three Numbers are ſaid to be in Geena 
Pripentonals continu'd, when the Product of the 
firſt and laſt Term is equal ts the Square of the 
Mean; as ſuppoſe, 2, 4 and 8 the Number 
they. are called Geometrical Proportionals, if 2 * 
is = 4 * 43 both vhich I find to be equal 16, 
therefore are the HCY N e eee 2551 
Portions e 13685) 
i 5 15 | 
tht « Tp E TY 0 Ae nein, 
If fo ur ebe are dase d, 4 13 that che 
5 of the Flrſt and Fourth, is equal to the 


Feet, of the Second and T hird; As _— 

2.4 . 16 If 2X16 2 4 * 8, then are eſe 
Numbers Geometrical n 2 and, in 
order to expreſs the Proportions the better, they 
are thus ſet, viz. 2:4 :: 8: 16; and thus 
read, As 2 is to 4, ſdis$to 163 and what has 
been faid concerning Numbers, are likewiſe to be 


underſtood of the Products of Lines. 
I © Es LEM, 


A 'Courrnorom of 


L E M. III. 


Fives ate ſaid to be muittiþlyA {one by another, 
when 1 1 She Lim allelogram "made 
tie wo Lines; as ſuppoſe the 
8 vo Lines 72 B . he's C vwere to 


7 F | pe "hull Product of 
| T1 us e ication is the Pralle 
. e A CD, let A B 8 


: = SE then A B * B 
=6X3=1 ber, of Squares ( whoſe 
Sides are one 2 HAN ittle eq | Parts) that is 

een d in that Produt, or beer 1 0 


9 . 


3 1 * 5 - 

£45 8 * n ＋ 
* * * 

4 && * Þ Fr” +4 
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* » 


Eder be, Vein Gare in che two fit Legs | 
e Food, it is eaſy e 'coiteive, that any 
Equdtlen "nay be made à Pröpertion by divid- 
ing each Side of the Equation into 4 Terms; iin 
Auch a Manner, as that when the firſt and laſt of 
the Terms are multiply d together and the ſecond 
and third the ſame, the Produ 2 theſe Multi- 
. may Ane . ea e Yr 

En Kb =.4 * 8, whichmay be divided 
a a 2 4 8 16, or * us, as 2: 8 
. 16, or thus, as 2 n : 0010 1555 

ws, 50 8. e ho ih it wou 
been the ain webe Pen „ a 
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p R O P. XVII. 
8 Complements of 4 a Piirallelogran « are equal. 


N. B. N there is 4 Line, as HI, d 75 
raulei to one of the Sides of the Parchiel gram, ſe 
as to cut the Diagonal in O, and thro 25 Point 
G, another Line EG. is. dr raum parallel to the 
= Side of the Parallelogram ; theſe two Lines 
E G and Hl, divide the Parallelogram in 4 
2 28 Parallelograms, thro tus of which the 
| 9 AC paſſes, 45 thro” E I and H G, and 
tbro the other two, viz. HE, and GI, the "Dit 
l Sena dae s not paſs; and theſe are 21 e 
Duomplementu of the Paralleiogram A B . D, and 
are equal to one another. 


DEMONSTRATION. 


TI Triangle ADC = Triangle ACB, 
and a OEC =, OIC, and a HO A = 
S©0GA, Feb Prop. XII. Now if from the 4's 
ADC and A CB, yok be taken the equal Tri- 
angles EOC, OIC, A OH, and A OG, the 
Remains are the Parallelograms HOED and 


G BIO, which are equal, per Aviom III. 


n — nn OT " _ 10 
, . N 2 
7 2 n 
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R O P. XVIII. 


i 4 Lins, 4s O (fee preceding Figure) is drawn 
parallel to the Side A B of the Triangle ABC, 
it cuts of Fe. ngle OI C, equian * mi 
lar ta the Triangle A BC, and 570 We a 
fix Jon * Triangles are proportional... . 


EMO ON AT x; > 55 
HB. GAG: = Cl, per Prop. v and 
-4.,A C B::common. to: both the 'T riangles, 
wad ther the CIO = CBA per Cor. VII. 
Prop. VIII.) And in like Manner it may be 
proved, that the A A0 is fimilar to the A COl, 


4 4 an, 


FA 


ſuppoſing {OT AE 1 and OG: aral | 


And ger 8 Ga Part Ay he Pro oſition 
ek compleat the Parallelogram ABC P, s H 
and EG parallel to the Sides of the'Paralle- 
Iogram; I ſay, in the Triangles AOGd and'OIC, 
- which have been oy to be fi imilar, + wil 
"beas'OG : "A G: 7 1 A ir 


> #4 4 iE oft 


EY 5145 


The Parallelograms HE and GI are 1 
per Prop. XVII. and the Eine DH x HO, is = 
Parallelogram HE, and GO x G B = Faralle- 
logram GI, per Lem. 11. Ergo- DHX HO 
GOK GB; but DH CI, HO = AG, 
and GB =O I, being between the ſame Paral- 
lels ; therefore CI X CA G 2 GO x OI; there- 
fore GO: AG:: CI: OI (per Lem. IV.) 
Q. E. D. 


5 PROP. 


4 


*J 


SPECULATIVE GEOMETRY. 57 


PROP. XR. 
If a 8 3 K. be let fall IN the night 


Angle A, of right-angled Triangle: ADC; it 


divides 1 the N into o ſimilar Triangles. 
2 A 


3 


D N (ONSPRUTION: 
4g 12 1383 1. . 
NV. tie Triangles CAD Kee CAB, 2 is 
L CAD ABC, being both right An- 


gles, and the L. E common to both; therefore the 
Angle CAD = ADC, per Cor. VII. Prop. VIII. 


In the ſame Manner may the Triangle ADB be 
proved ſimilar to-C A D, and of Conſequence, the 
{range CAB > largo Triangle 4 per Av. K 


£8 


reo * 19% of 
E. R O P. XX. 


| All Angles is the ſame, or 8 Circles, that ety 


. the ſame or equa} Arches for their Baſe, are equal #1 


Aba ir, the L ACB = L ADB, having the Ar 
0 fer den nder draw the Radi AO. BO. 


DEMONSTRATION 
"HE Ls AC B and ADB, 


are each of them the 
Alves of the ( A 0B per 
i »Pxop. XV. and are therefore, 
„ by. Adem I. 775 to one ano- 
der. © BAD © E 


28 f 


. 


13 if 


125 i Elke within equal Curcibs, anſwer to equal 
Arches ; that is, if the Circles B and E are 92 
and the Line AC =P F, then the Arch DF 
AC, draw AB, BC, DF, EF Radins's: 


| DEMONSTRATION. 
| op the Triangles ABC nad: DEF, the Sides 


AB, BC=DE and EF, being Radii of 


the equal Cireles; and the Line A C= D P, 
Suppoſition there, per Prop. XI. . B = 2 E, 
and the Arches A C and NF being the Meaſure 
of theſe Angles (per Prob. VII. S$e4. I.) are con- 
ſequently 0 
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If two Lines cut or croſs each other in a Circle, the 

S © Produits of the Parts ef one Lins, are equal to 
he Prottutts -of the other; thai ix, CNE 
'=BC x CB. Dram A B an ED. 
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FN:the Triangles ACR , © AL 
EC D, there is L ACĩ m˖/ͥͤ HI 
ECD, by Prop. II. 85 B 
and the 4 ADE = LABE,„ — 
by Prop. XX. Ergo, the two E 
Triangles are ſimilar, conſe- Wt 
quently their like Sides, viz. gt 85 
AC, CB, and EC, CD, are Proportionals, by 
Prop. XVIII. that is, as AC: C B:: EC: CD, 
and being Proportionals, per Lem. II. AC x CD 


; . * f . 
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A Lind cutting a Circle at the Point of Contact, 
makes with the Tangent, Angles equal to thoſe in 

_ the alternate Segments; that is, if A B meets 
the Tangent at the Point of Contact B, I ſay, 
that the . EBA L BDA, and if upon the 
Line AB there is made an Iſoſceles Triangle 
ABC, I ſay the Angles CBG, ABC, and 
'BAC are equal, draw the Diameter DB, and 
the Line AD. © 


CO DEMONSTRATION. 


1 A is a right Angle, per Prop. XVI. 
and per Prop. VIII. the / D, and the 4 
ABD together, are equal to a right Angle, and 
the L DBE is a right Angle, by being a Tan- 

gent 


1 


4 
% 


* 
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gent to the Diameter B D; now, if out of each, 
the 2 ABD be taken, there remains the Z EBD 
BDA. S EB 
e 6 ah 188 Ort 3 
. The 4 BDA of; 
Prop. XX. and the, CB | 
2p. IV. but if inſtead of 4 EF A, we uſe its 
qual 4 BCA, then the . BCA + ABC A 
GBC= two right Angles,” per Chr. Prop. I. but 
the . BCA + ABC +/BAC = tw right 
Angles; and if from both, the equal Angles 
taken away, the Remainders will be equal, wi. 
. BAC = 7 BG. VE. 2 114 5 a. 
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COMPENDIUM 
1  Right-lined TT RIGONOMETRY. | 
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SE CT. An 


© JI GH T - lined Trigonometry, is that 
Part of Geometry, which teacheth us 
to meaſure the Sides and Angles of a 
1 right-lned Triangle, which conſiſts 
Seo of fix Parts, viz. three Sides, and 
three Angles; and the Buſineſs of right-lined 
Trigonometry, is having any three of the faid 
three 'Things given (except the three Angles of a 
Triangle) to find the other three. ER 
But the Meaſure of an Angle being the Arch of 
a Circle deſcribed about the angular Point, and 
becauſe there has been yet no exact Proportion 
found between the Diameter of a Circle, and the 
Periphery, it has been hitherto the Cuſtom to 
ſubſtitute certain right Lines in the Room of the 
Arches or Angles of the Triangle ; to underſtand 
which, it is neceſſary to underſtand the following 
Definitions. 5 


1. The 


1 


— 


One, 


—— —— 


A deuek E baun 8 1 


1 1. The Chord of an Lads; is any Line Huy 
EE ELEC Or I hs 


2. A right Sine of an Arch is a ee 
let al from one End of xhe Arch, upon a Radius 
that paſſeth thro' the other End, as the Line 
8 N Cw Sine of the Arches SA and- I. VS, 
| and C'S. is the Coſine of the Arch 8 A; that is, 
it_is the Sine of an Arch which is the Remainder 
of SA, taken from 99 Degrees; for VR and 
R A are Radius's, which are ſuppoſed perpendi- 
cular to one another, conſequently the Arch VA 
is a Quadrant; and when any Arch, as 8 A, is 
taken from go Degrees, the Remainder, as V S, 
zs called its Complement; ſo that the Coſine of 
any Arch is no other but the Sine of the Com- 
plement of that Arch. | 


: * . » i Pr 
* I 2 Tg 
7 N 4 * * bd. 4 : 
13 rk 5 
4 = Z ; * 1 f 5 . < 


3. The xs of At is a Line | dmins 
perpendicular from one End of the Radius that 
paſſeth thro? one End of the Arch, till it meet 
with the Radius paſſing thre! the other. As the 
Tangent to the Arch 8 A is, the Line T A 

perpendicular to RA, the Radius that paſſeth 
. thro one Ead of the Arch, and meeting the Ra- 
dius R S, that paſſeth care the e Os 
continued) to dne 07 e 


4 85 
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4. The Radius R 8 Seis to 2 is s led 
the Sera of the Arch g . Ex og fir 


F. The Difference of an Arch from. a Semi. 
circle, is called its Su 1e Lech 4 K. as the Arch LS 
is the Supplement to the Arch 8 


6. The verſed Coe of an Luck, is part ti, 42 | 
Radius intercepted between the Arch and Sine, 
as N A is the verſed Sine of 8 A. | 


Having any three Things, except the Angles 
of a Triangle, the other Parts may be found me- 
chanically by the Help of a Scale of equal Parts, 
Chords, Sines, &c. or by Calculation, by the 
Help of a Table calculated for the Lengths of the 
Sines, Tangents, G. The Projection of which 
Scale, and Calculation of the Table, will be ſhewn 
in the _— Problems, 


. PRO ns 
To project tbe Plain Scale. 


RAW a Semicirele A EC, and at one End 
of the Diameter, and on the Center, erect 
Perpendiculars B and CF; then divide each 
Quadrant into 9 equa} Parts, every one of which 
will be 10 Degrees, and draw a Line AS; now 
it is evident that the Line AS is the Chord of 90 
Degrees, and A E the Chord of 40 Degrees; and 
if we make A 40, = AE, then the Diſtance 
A 40, is the Chord of 40 Degrees to that Radius: 
And in the other Quadrant CBS, if you draw 
Lines from the Center to the de C. oa 
it will determine the Tangents of yy ſeve 
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Arches ; and likewiſe the Secants by Def. 3, & 
And make 40 B = FR = right Sine of the Arch 
FC; and fo all. thoſe Lines being transferred, 
will become Sines to every Degree of the _ FE 
drant; and the Secants are uſually transferred to 
the End of the Line of Sines, for particular Uſes, 

as will be ſhewn hereafter ; and theſe Lines, tranſ- 
ferred upon a thin Ruler, will be fit for Ule. 
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* P R 0 B. II. = 
by make the Tables of Natural Sines, Tan gents, Sc. 


7 HIS Method I ſhall take from my Compen- 
dium of Algebra, and ſhall only juſt take 
the Method from thence, where the Demonſtra- 
tion of each Rule may be ſhewn. 

I have there ſhewn how to find the Periphery 
of a Circle to any aſſign'd Exactneſs; and the 
Periphery of a Circle, whoſe Radius is a Unite, 
is found to be 6.283185, from which I ſhall draw 
the following Rules; and, in order to perform 
them, it muſt be preſumed, that the natural Sine 
of one Minute doth ſo inſenſibly differ from the 
Length of the Arch of one Minute, that it may 
be taken for the : . 


As the Periphery in 1 Minutes, 


18 to the ee in 3 Parts of the Ra- 
Gian 


So is one Mtingts, 
To the Parts agrecing to that Minute. 


That is, \ 21600': 6283185: t: 0: 000290888, 
equal the natural Sine of one Minute, which agrees 
with the largeſt Table of natural Sines I ever 


Having got the Sine 1 one Minute, its Coline 


may be thus found ; 

Suppoſe RA = R 8, the Radius of the Circle, 
and SN = Sine of the Arch S A, then RN = 
CS, the Coline of that Arch; but L RS SN 
RN C 8, per Prop. XVIII. Sect. II. which 


in Numbers i is the Sine of 17, and is 000290885, its 
F Square 


me 
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Square is 00000008461 2,and 1 — .0000000846 12 
= 0.99999915388,. the Square Root of which is 
99999995 = Co ſine requir d. 

The Sine and Coſine of one Minute being ob- 
tained, all the reſt of the Sines in the Quadrant 
may be gradually calculated by Mr. Michael 
Dary's Sinical Proportions, which I ſhall here in- 
ſert to the ſame Effect as they are in his Miſcella- 
nies. If a Rank of Arches be Fame, * 


As the Sine of any Arch i in that Rank, 

1 to the Sum of the Sines of any two Arches 
cqually remote from it on each Side; 

S0 is the Sine of any other Arch in the ſaid 
Rank, 

To the Sum of the Sines of two Arches next it 


on each Side, e the fame common 
Diſtance. Wm” Ent 1 | 
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I ſhall now YT this Proportion, and ſhew 
how they may be applied to Practice, having the 
Sine of one Minute, and its Coſine, as before; 
let the Radius be made the mean or middle Term 
between theſe e and 1 50 + will 
run thus, , Io . 


1 


As the ne = 

Is to the double Coſine of © one. Minute; 5 

- 80 is the Sine of one! Minute, 5 

To the Sine of 2 = oO. . 

So is the Sine of 2, 

To the Sum of the Sines of Ly and 2 And, 
So is the Sine . 

To the Sum of the Sines Fg and. "© and bÞ 
In in a ſucceſſive Order Ao, Iinute 


"4 
—— — ou — I. TIERED 1 NE 8 EP I , 2 — 
Fe ETC 4 7 "free — — Wa Ya ”"_ 
. PD l mo 4 1 m 4 Es RITES - j r 4 5 ” 


Right-lined. Txiconomtrry. 67 


And then if from the Sum of the Sines of 3“ 
and 17 be taken the Sine of one Minute, the Re- 
XZ mainder will be the Sine of 3“, and the like; if 
from the Sum of 4 and 2, be taken the Sine of 
2, the Remainder will be the Sine of 4, &c. | 
' Proceeding on by this Method, all the natural 
Sines in the 8 may be calculated by Ad- 
dition and Subtraction only; for the Radius or 
firſt Term of the Proportion being Unity, Divi- 
ſion is wholly eſcaped; and becauſe the ſecond 
Term in the Proportion varies not, if a ſmall Ta- 
ble be made thereof to all the nine Digits, then 
Multiplication is alſo eſcaped; for by the Help of 
that ſmall Table, the whole Work may be per- 
form'd by Addition and Subtraction only, until 
all the Sines are gradually made. fo 

Having made the 'Table of Sines, the 'Tangents 
may be eaſily made by the following Proportion, 

VIZ. 1 


As the Coſine of any Arch, 
Is to the Sine of that Arch; 


So is the Radius, 
To the Tangent of the ſame Arch: 


„ th AF A, ad > 
RN: RS :: RA: RT = the Secant of 
that Arch, and ſo on for the reſt of the Degrees 
and Minutes of the Quadrant. | | 


Now, by the Help of a Table of Sines and 
Tangents, and the foregoing Definitions, and the 
following 4 Theorems, all the various Caſes of 
22 Trigonometry, will appear eaſy to be 
ne. 4 


: jobs D 


FE ͤ » Ii 


«& ebe pe ce 


Turontn, yy Fe 


N any dr ges Triangle, if S of the 
Legs be made Radius, it plainly appears, that 
the. other Leg will be the Tangent, of its oppoſite 
Angle ; for if A D be made the Radius, then the 
Leg BD is the T angent of the Arch d D = An- 
PAD: and in like manner, if BD is made 
. then AD is the Tangent of the Angle B; 
but if the Hypothenuſe be made Radius, then the 
Legs will be the Sines of their oppoſite ee as 
B's ee from the 1 OE 


Tro E 1 


*1 7 1 $1 * 81 = * 4 1 


7 he Sides of -any Abe Bu 8 are " pragore 


tional to one another, as the wines CA fte, oppor 
fte Angles. 305 2890. al to A br 


2 the Triangle ABC, make AF: : 6 BC, 
and let fall Perpendiculars from F and B, to 

the Side A C z then, having draun the Arches 
H B and F I, tis evident, that B D is the Sine 
of the / at "ol and FE the Sine of the Angle at 
A, by Def. II. Seck. III.; and by Prop. XVIII. 


deen II. the T riangles ABD, AFE, are ſimilar ; 


therefore, 


* * a > 4 "% a 
* 
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"& therefore, per Prop. XVIII. Sec. II. Af: BA :: 
= FE: BD, or as AB: BD: AF: FE; 
and A F being equal to BC, and the two Perpen- 
2X diculars being Sines, it will be, as the Side BC: 
Side B A:: Sine of L A: Sine of . C; as the 
Side AB: Sine / C:: Side BC: Sine / A; 
as in both the following Figures. 


1x80 


TREOREM III. 


As the Sum of the Legs about an Angle, 
Ts to their Difference ; | | 
So is the Tangent of + the Sum of the other 
- two Angles, _ | ES; 
20 the Tangent of half their Difference. 


| N the Triangle CFD, produce the Side FD, 
j and the Side BP = CF, then will B D be 
the Sum of the Legs, and GD half the Sum; 
| 4 from 


* 
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from which, if you take the Leg FP, 88 
mainder G => the Difference of the Legs, 
draw C B, and biſect it in A, and draw A P 
which will be perpendicular to it, and the /. CFA 
L BF A, per Prop. III. Set. II. but Z CFB 
= {_ FCB ＋ LD, ber Prop. VIII. Fact. II. 
therefore CF A = the sum of the Angles 
FCD + LD, then Sow A G, which will be 
parallel to CD, "becauſe the Sides A B and B. D 
are biſected in the Wr in A . G, then 


draw E F 2 to C D, which will likewiſe be 
parallel to A G, which will make the / CFE = 
alternate J F CD, the leſſer Angle of the Trian- 
gle, becauſe FCB = L C + D, and 
EFB = 4D, take J D from both, then CFE 
0 which taken from / CF 'A * 2 the 
Sum of the oppoſite "Angles, leaves E F A = 2 
the Difference of the oppoſite Angles. Now let l 
3 1 Circ, then is E A the Tan- 

4077 gent 
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gent of = the Difference, and A C the Tangent 
of the Sum of the oppoſite Angles: And the 
Triangles BAG, B E P, B C P, are ſimilar, per 
Prop. XVIII. Sec. II. and of conſequence their 
Sides proportiont: Wer 


BG: GD :: AB 
| . BG: GP :: AB: AE 
Therefore, 


As G D, 2 the Sum of the Sides, 

Is to GP, = the Difference of the Sides; 

AC, the Tangent of a = the Sum of the oppoſite 
Angles, ; 

To AE, the Tangent of 2 the Difference. 


And if the Halves are proportional, the Wholes 
are ſo too: Therefore, 

As the Sum of the Sides, 

Is to the Difference of the Sides; 

Tangent of ⁊ the Sum of the Angles, 


To the Tangent of ; the Difference of the 
Angles. 


F 4 THEOREM 


T% uh CompenDiun. oy Ke. 
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In any y Triangle whatſoever, the > <a of the Side 
oppos d to the acute Angle, with two Rectangles 
contained under the — . upon which the Perpen- 
dicular falls, and the Line which is between 
the Perpendicular and that Angle, is equal to 

the Squares of both the other Sides; that is, 


BC1+2AC x AD = AB* 12 AC. 


DEMONSTRATION. 


BytheFigureſx| AC — n 
per Pr. 14. S. 2. 2A B4 = B Da + AD9q | 
Ibid. © 3]BC4=BD44AC+—2ACXAD-AD« 
2 — 3 [|[4ABI—BC1=2ACx AD - AC9 
| 4+BC4+ACa[5| AB? Tabbert 2ACX AD 5 
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S EC T. IV. 
Er 
In the right-angled Triangle AB * right-angled 


at B, 
+, FAC the Hypothenuſe 150, 
ML oats 2 A oppoſite to the Baſe 40?: 30 
Perpendicular A B 
Required 1 B 7 BC. * 
CEOMETRICALLY. 
RAW the Line AB. 
2. From the Scale, or Line of 
M the take in your Compaſſes 
the Chord of 609, and from a 
Point in the Line A B, as A, de- 
| e 0 rom the Arch x . 
| 30 Prins the Line of Chords take the given 
Angle 409 — 30, and lay on the Arch from x. 
to and _ the Center A, thro h, draw out 


| 4. From 


eee 
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4 From a Scale of equal Parts take the given 
Side A C 150, and lay from the Center A to c; 
and from that Point C, let fall a Perpendicular 2 
on the Line A B, which compleats the Triangle; 
and the Length of the Sides A B and B C, may 
be found by applying them to the Line of equal 
Parts which the Side A C was laid down from; 
but if a more exact Anſwer be requir d in Num- 
bers, make A C the Radius, and the Proportion 
for finding the Side A B, will be, as R: AC 

:: SLC: AB, by Prop. I. Sec. III. . 


LOGARITHMETICALLY © 
As Radius or Sine of 90 — oo - 10,000000 A 


Is to the Hypotheneuſe AC 150 2,1060913 
So is the Sine of the Angle C49%— 30' 978810455 


2 — — — 


To find the Baſe BC, tbe Hypothennſe ; l g Rat Fl 


he Proportion will be. 
As Radius or Sine of 90 — o = Io0,0000000 
Is to the Hypothenuſe AC 150 257769913 


So isthe Sine of the Angle A 40 30 9,8125 


3 N 
1 1 


4 | 
* 4 
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To the Baſe BC 3 139986357 
14 "1 . | : * | 
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In making the Proportions for-finding the Sides 
or Angles of any right-angled Triangle, it muſt be 


= 7 obſerved, that every Side of a right-angled Tri- 


angle has two-Denominations or Names, and that 
each Side has one of thoſe Denominations fixed 
and unalterable, viz. the Hypothenuſe, the Per- 


1 pendicular, and Baſe : 'The other Names are pre- 


carions according to the Side made Radius, and 
are called the Words on the ſeveral Sides ; thus, 
When the Hypothenuſe is made Radius, then 
the Word on the Hypothenuſe is Radius, and 
the Word on the Baſe is the Sine of its oppoſite 
Angle ; as alfo, the Word on the Perpendicular 
is the Sine of its oppoſite Angle ; but when the 
Perpendicular is made Radius, then the Word on 
the Baſe is the Tangent of its oppoſite Angle, and 
the Word on the Hypothenuſe is the Secant of 
that ſame Angle; And when the Baſe is made 
Radius (and conſequently the Word on the Baſe) 
then the Word on the Perpendicular is the Tan- 
gent of its oppoſite Angle, and the Word on the 
Hypothenuſe is the Secant of that Angle. 'Fheſe 
Things being obſerved, the Way to form a Pro- 


portion to find the Side of a Triangle, is thus, 


Firſt, having imagined one Side of the Triangle 
to be made a Radius, and thereby obſerving, as 
above, the Word (or Denomination) on the 
ſeveral Sides, the Proportion will be, 


As the Word or Denomination on the Side given, 
Ts to the given Side; 12 
So ts the Mord or Denomination on the Side re- 
quired, Ns : 

. To the Side required. 


Thus, in the precoling Caſe, the Hypothe- 
nuſe is imagined the Radius of the Circle, and if 
a Circle were drawn with that Radius, one Extre- 
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mity of the Hypothenuſe being the Center, it 
would plainly appear, that the Baſe would be a 
right Sine, as alſo the Perpendicular to the reſpe- 
ctive Arches, which are the Meaſure of their op- 
 B poſite Angles ; therefore the Proportion, as above, 
i 3 will be, ; * 1 . | EF. 


- As the Word on the Side given, viz. Radins, 
Is to the Side given, viz. the Hypothenuſe; 
So is the Word on the Perpendicular, viz. the 
J 
To the Perpendicular in which the Hypothe- 
nuſe is conſider' d as the Sine of a right An- 
gle, viz. 90 — oo“; 1 4 850 


And conſequently the Semidiameter of a Circle, 
which, in calculating the natural Sines, is ſup- 
pos'd to be divided into 10,000000 of equal Parts, 
the Logarithm of which is the ſame 10,000000, 
and, in the preceding Caſe, is made the firſt Term 
in the Proportion; the Hypothenuſe is alſo conſi- 
der d as a Line divided into 150 Yards, Feet, 
Inches, Ec. the Logarithm of which is 2, 1760913, 
and is made the ſecond Term in the Proportion; 
and the Perpendicular conſider'd as the right 
Sine of 49˙ — 300, the Logarithm of which 
9,8810455, is made the third Term in the Pro- 
portion ; and here it is to be obſerved, that the 
Nature of the Logarithms, or their Proportion 
to one another, is ſuch, that Addition ſerves in- 
ſtead of Multiplication, and Subtraction for Divi- 
ſion; therefore the Logarithms of the two laſt 
Terms being added together, and from that Sum 
the Logarithm of the firſt Term be ſubtracted, 
the Remainder 2,0571368, will be the Logarithm 
of the fourth Term; and the Number anſwering . 
to that Logarithm, as appears from the Tables of 
: ws.” * 0s FH 2 : . | ; \ 4 . Loga- 


1 <a - 
4 
* 
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Logarithms, 1 14s is the Length of the Perpendi- 


1 cular confider'd as a Line of equal Parts; and 
hence it is evident, that no more than two Sides, 


with their ſeveral Denominations, are taken into 
the above Proportion, which conſiſts of four 


To VIZ. 


As the Radius or Word « on 2 Hypothenuſe, 
| Ts to the Hypothenuſe ; 


So is the Sine of the Angle C, or. Word on 
the Perpendicular, 


To the Perpendicular. | 


c A. 8 E I. 
In ibe euere Kinga ABC 


The Perpendicular AB 124, 
Angle A oppoſite to the Baſe 40-30 


Requir d 3 — E — — 8 


1. GEO ME TRICALL I 


R AW the Line AB, and from the Line 


of equal Parts lay 124, the given Side 
from A to B. 


2. From B raiſe a Perpendicular, : as BC. 

3. With the Chord of 60 deſcribe the Arch 
ab, and on that Arch ay 40? — 30, the given 
Angle. 

4. From 7 — C, thro b, draw the Line 


A oy Nh ep the Triangle. 


Are given $ 


: * . . 1 : * » bY 
. af py 9 4 * «7 * ” 


78 4 Courenaiuu of + 


OY „5 
bas oh LOGAR ruf, 


Making AB Rodin %0 find the 24% 


As Radius or Sine of 90% — oof - ao” 
Is to the Perpendicular AB 124 - 2,09 34217 


So is the Tangent of the An at > | 
A 40 — 3o' - — — _ «7; 3 949314989 


e Hp, 


To the Baſe BC 106 50 ory — e 
Again, To find the 2 


As Radius or Sine of 90 — oo - I0,0000009 


Is to the Perpendicular AB 124 2,09 34217 
So is the Secant of the bo le A; 
o is the o ang! ae 19,2189645 


40 — 30“ wb LY; 


To 5 Hypothenuſe &© ons.” 2521 23862 


1 4 — "I — 


— 
* 


£ 75 
- 2x 2 2 ( © g 
32 19 * "Sy HE £4 
ot ” % 
> wo: ” L 
* Z3 3 + 
4 \; 13 „ & 4 I Ys E 
” * , 
* * £ Fre SF 


CE & 2 5 * 
14 wm 


"FE . 
We » . pt : 1 
AY 3 £133 «; 8 


* k 
75 Ta 2 & 


| 3. . By Sale and Cat. 125 5 
| en . dier dier bil 
on the Line of Sines, to 124 on the Line Nun um- 
1 85 and that Extent will reach from n or 
go" 


2 
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| 3 900 on Sines, to the Hypothenuſe 163 on Numbers ; 
and the ſame. Extent will reach from 40 — 30 
on ines, to the Baſe, or the Line of Numbers. 


Set 49 — 3o' upon Sines, to 124 upon the 
Line of Numbers, then againſt the Radius upon 
== Sines, is the Hypothenuſe upon Numbers; alſo 
= againſt 40% — 3o' upon Sines, is the Baſe upon 

the Line of Numbers. 


In this preceding ſecond Caſe, the Perpendi- 
cular being made, or ſuppoſed, Radius, the 
Word on the Baſe is the Tangent of its oppoſite 
Angle, and the Words on the Hypothenuſe, are 
the Senn of that Angle; therefore, to find the 


As the Word on the Side given, 
Is to the Side given ; + 
So is the Side required, 
To the Side required. 


As R, ee 92104 
Is to the Perpendicular A B; | 
' 


So is the Tangent of the Angle at A, 
To the Baſe BC: And, 
So is the Secant of the Angle at A, 
To the Hypothenuſe. 


But in performing the Operation by the Scale, 
the Hypothenuſe is made Radius, becauſe there | 
are no Lines of Secants put upon Scales for the | 


Calculation of Triangles : And in working by the 
Scale and Compaſſes, obſerve to open the Com- ; 
. paſſey. . ö 


80 by" ComPEnNDIUM of 


paſſes from the firſt Term of the Proportion to 
the ſecond, and the ſame Length will reach from 
the third Term to the fourth required; and on 
the ſliding Scale, the firſt Term being ſet di- 
rectly oppoſite" to the ſecond, then againſt the 
| Term, you wil find the fourth Term re- 
_ E231 42 N 2 | | 


c ASE I 
Is the right-angled Triangle A B . 5 5 6 
The Baſe BC 120 
e, given} T he Angle at the Baſe BCA 40 — zo. 


The Hypothenuſe A oi 3 6 
| Ropuired i be Farnen, A B. e . 


- 


1. OE ONE TRICALLY © 


R AW the Line B C, and from the 1 Lind 
of equal Parts lay 120 from B to C, and 


1 5 the Point B raiſe a Perpendicular. 

| With the Chord of 60, from the Point C, 
4 deſcribe the Arch ab ; and upon that Arch, from 
Y the Line of Chords, lay 40? — 30', from the 
=—_ - given Angle from à to b. 

| . 3. From the Center C, thro b, draw e Line 
I CA, which . the Triangle. 1 2A 

j 21 7 * | 

| - p th eie 
| WF”) 2. L O- 
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2. LOGARITMETICALLY. 

The Baſe BC being made Radius, to find the 
i y pothe nuſe. | 

As Radius or Sine of 90 — 0d! - I0,0000000 


Ks. 


Is to the Baſe BC 120 - - = = 2,0791812 


So is the Tangent of the Angle at? 9,9314969 


© 40? — 300 S + © 
To the Perpendicular rug 54 - - 2,5176801 
25 find the Hypatbenaſe. 


As Radius or Sine of 90 — oo - 16,0000000 


Is to the Baſe BC 120 - - - - 20791812 


/ 


So is the Secant of the Angle 49* — 39' 10, 1874556 


—— 


To the Hypothenuſe 186 8 - - 2,2566368 


z. By Scale and Compaſſes. 


Extend the Compaſſes from 49 — 30! upon 
the Sines, to 120 upon the Line E. N 

the ſame Extent will reach from go? — oo' upon 
Sines, to 157 18 on the Line of Numbers; alſo, 
the ſame Extent will reach from 40% 30, to 
oz 75 upon the Line of Numbers. 


4. By the Sliding Rule. 


Set 495 — zo upon Sines, to 120 upon Num- 
bers ; then againſt 90 upon Sines, is 157 18 up- 
on Numbers; and againſt 40? — zo! upon Sines, 


there is 102 74 upon Numbers. 


— 


umbers, and 


: An 


u OT TE 


In this preceding third Caſe, the Baſe being 
„ made Radius, and being the Side given, _ 


As the Word on the Side I! + 

Is to the Side given; 

So is the Word on the Side requir d, 
To the Side requir d. 


That is, 5 


As the Radius, 
Is to the Baſe; 
So is the Tangent of the Angle at C, 
To the Perpendicular ; And, 
So is the Secant of the Angle at C, 
To the 6 | 


CASE 


In W Angle Triangle ABC, 


SAC the Hypothenuſe 1 50, 


Are given”, (AB the Perpendicular Io2, 


The Angle A and C, 
deus Jb. H, Ee. 


. GEOMETRICALLY. 


RAW the Line AB, and from the Line 
of equal Parts, lay 102 from A to B. 

2. From B raiſe a Perpendicular BC. 

3. From the Scale of equal Parts take 150, 
and with. that, opening. of the Compaſſes, with 
one Foot of the Compaſſes in A, with the other 
croſs the Line BC, as in C, and from A to the 
Point C, draw the Line A C, which compleats 


| the T riangle. 
2. LO GA. 


z 
2 
2 * 
2 1 2 4 
a 
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2. LOGARITHMETICALL F. 


7 be ions being made hea to Jud 


As the Hypochenuſs A C 150 77 K 


15 to the Radius or Sine of go? : 8 10,0000000 
So is the Perpendicular AB 102 2,do286002 
To thie Sine of the Angle at C Ee 57% 12,0086002 


- * 


958 32 508g ; 


Which | ſibtraRted Goal 9oe, leaves. 48* — 03". 
the __ at A, by Prop. VIII. Sect᷑. II. 


Kan, To Fo the Baſe. . 


As the Radius or Sine of 90 o 10,0000000 
Is to the Hypothenuſe 150 - 2,1760913 
Soisthe Sine of the Angle at A 48® — 63/ 9,8714144 


— — 


To the Baſe BC 111 285 


Fx 


8 A Convrenpium of 


— 
* 


| 3* By the State and | Compaſſes. 1 

Extend the Cempaſſes from 156 upon Numbers, 

to 90 upon Sines ; and the ſame Extent will 
reach from 102 upon Numbers, to 48* 5% 

the Angle at C upon ines; alfo, the fame Extent 
will reach from 48* — — 23 upon 'Sines, to 111 75 5 

upon Numbers. | | 


14 By the Sliding Rate. 


$ 350 in the Line of Numbers, to 909 in the 
185 of Sines; then againſt 102 in N umbers, is 
4 — 5 in ines; alſo Arn en oz in 
Sines, 111 16 in Numbers, 


In this preceding fourth Caſe, there are two 
Sides given to find an Angle; and in making the 
Proportion for findin 2 an Angle, che following 


Ru e muſt be obferv'd, viz. 
4 oue of the Sides given, 
N to the Word on it; 


So is the other given "Side, 
To the Word on it, which is the Angle Eon 


For the H ypothenuſe being made Radius, the 
other Sides are Sines of their oppoſite Angles ; 

and by the above Rule the Proportions are as in 
the Mens Calculations... ; 


CASE 
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CASEY. 
In the 1 gb ung led Triangle AB: c, 


2 A C the Hyputhenuſe 35, 
nnn 2B d the Bf 94 | 4 


| The Angles A and C, 
W 1 d tte he Perpendicular. , 


Þy Geometrical Pratraction. 
R Aw the Line B C, on which lay 


Kom a Scale of etjual Patts, and fn B 


raiſe a Perpendicular B A. 
2. From a Scale of equal Parts take 1 355 and 


with that, opening of the Compaſſes, and one 
Foot in C, 015 the Line B A with the other, as 


at A, then draw the Line A which — 
oy Triang] 6. Py 


G 3 LOGA 


LOGAR ITHMETICALLY 
| 7 he Heporbengſe being made Radius, % fud the 


Angle at A. 
As the Hypothenuſe AC r35 — 25303338 
| Is to the Radius or Sine of 905 4 | | 10,0000000 
80 is the Baſe BC 944. + rants v1 99 _ 129731279 


To the Sine of the Angleat at n 44 , 21,9731279 


N | 
the Ange at __ f 


15 * X . „ 


4 TO 33 3 0 2 N tin Y 
; . F X $3 & & 


ee 25 Fu i FRY « Preprndicular A 8 


As Radius or Sine of go? - - * 10,0090000 
Is to the Hypothenuſe 8 I 2,1303336 
So is the Sine of the Angle at C 457 4 53 3 9.8 5607184 


To the Perpendicular AB 97 - 3 | 1,9864120 


3. By the Scale nd Compaſſes. 


Extend the Compaſſes from 135 on the Line 
of Numbers, to go? on the Line of Sines; and 
the ſame Extent will reach from 94 on N umbers, 
to 445 — 97 on Sines : Alſo the ſame Extent will 
reach from W'_ 53' on Sines, to 97 on Num- 


1 Le, 18. 75 ub 
; * 2 1 4 * 1 


4+ By 
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4. By the Sliding Rule. 


Set 135 in the Line of Numbers, to go in the 
Line of Sines, then againſt 94 on Numbers, will 
be found 44 — 07” on Sines ; and againſt 45*— 
33“ on Sines, may be found 97, the Perpendicular 
on Numbers. | POR © 


<C ASE V4; 
In the rigbi- angled Triangle A B C, 


„AB the Perpendicular 64, 
Are given Jg C the Baſe 48. 


#5 3% Angles A and C | 
Requir d & Aud the Hypotbenuſe A C. 
S EOMHETRICALLI 


I. RAW the Line BC, on which lay 48 
II from a Scale of equal Parts, and on the 
Point B raiſe a Perpendicular. 

2. From a Scale of equal Parts, lay 64 from B 
to A, and join the Points A and C, which com- 
pleats the Triangle. | Er gh ome 


88 A Courrnvrum of 
LOG ARITHMETICALLY 


The Perpendicular being made Radius, to find the || 
Angle at A, the Proportion will be, by the third | 
Part of Prop. I. of Sect. III. A. AB: R: 
BC: TA; that is, =_ 


As the Perpendicular AB 64 - - 1,80618 4 


Is to the Radius 905 '= '- "= *.. 10,00000 
So is the Baſe B C 48 - - 1,68124. 


AE 


To the Tangent at the Angle A g6*-- 52' 9,87 


Again, To find the Hypothenuſe, the Perpendicular 
being made Radins, the Proportion will be, As 
R . AB 8 2 Sec. & Ac: AC; that 15, 2 


As Radius or Sine of go? 1 0,00000 
Is to the Perpendicular A B64 - | | 1,80618 
So is the Secant of Angle A 36*— 52' 10, o9689 


— — 


To the Hypothenuſe 3 19030 


In the Solution of the preceding fix Caſes of 
right-angled 'Trigonometry, it is to be obſerv'd, 
that the Proportions might have been varied b 
making either of the other Sides Radius, and thak 
Things requir'd, would have come out the ſame ; 
thus, in Caſe I. | | 
The Hypothenuſe is made Radius, to find the 
- Perpendicular ; but if the Perpendicular had been 
made Radius to find itſelf, the Word on the Hy- 
pothenuſe (the given Side) would have been the 
Secant of the Angle at A ; therefore the Propor- 
tion would have been, 0 

| As 
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As the Secant of the heads at 1 
Is to the Hypothenuſe A C; 
So Radius or Sine of 90% © 
To the Perpendicular, 


And this Proportion would” ben out the 
ſame Anſwer with the Proportion made in Page 
74; or the Perpendicular might be found by 
making *y Baſe Radius, and the Proportion 

would Wo 7 


As the Secant of the Angle at 8 
Is to the Hypothenuſe; 
So the Tangent of the Angle at c. 
To the * | 


Alſo in Caſe 5 1 3 might be 
found by making itſelf Radius ; ; and the Propor- 
tion would be, 


A s the Sine of the "OO at C. 
Is to the Perpendicular ; * 
S8o the Radius, 
To the Hypothenuſe. 


And, in Caſe II. the Baſe might be found by 
be, "irſelf Radius ; . then the E would 
7 


As the Tangent of the Angle « at C, 
Is to the Perpendicular ; 

So is the Radius, 

To the Baſe. 4 


Alto, in n Caſe III. the Perpendicular might be 
found by making either itſelf, or the Hypothe- 


nuſe, Radius, by ſtill obſerving the general Rule 
to 


90 A Cour kasten i of, FOR 


to find the Word on each of the guar Sides and 
by ſaying, x £6. $51 


wy 


As the Word on the . 
Is to the Side given 
So the Word on the Side requir 1 
3; To the Side regt d. 1 55 


And when, the Sides are given to find che An- 
gles, the Proportions may ſtill be varied by mak- 
ing either of the Sides Radius ; but the Propor- 
tions muſt always = 


As one of the Sides given, 
Is to the Word on it; fa 10 
So the other given Side, 

To the Angle requir d. 


As, in Caſe IV. where RE n a 
Perpendicular are given to find the Angles, the 
Angle at C is found by making the Hypothenuſe 
Radius; but it might have been found by making 
the Perpendicular Radius ; thin the e 
would have been, | 


As the Perpendicular, N 
dane Redines 1 
o the Hypothenuſe. 


To the Secant of the Angle 4. 


By obſerving theſe Rules, all the Varieties of 
the Proportions in right- angled Dil n 
will become very 2 5 to the Le: | 


974 Far 
1 | i 


COMPENDIUM 


Oblique plain TexconousrRY Y. 


— — 


4 


SECT. SV. 


Containing the $01,uT1oN of the four CAS ESC 
L. oi plain —_ 


As RE I. 


Two hs « and an Angle. oppoſite to one of them, 
being given, to find the other ef te le 2 
the third Side. Ty 


EXAMPLE. 


In the Obliquie-angled plain Triangle A B C, 
CAB 120, 
Are Siven „„ 
Angle C 40% — 30\ 
Augles B and A, 
— I; > the Side A C. 


* G EUMETRICALLT . 


— n A w. the Line AC, and from a 
Point in it, as at C, with the Chord 

1 of 60°, deſcribe the Arch ab. 
2. From the Chords lay 40? — 307 
dhe g given ar from b to 4, and thro” 4 draw the 
Line 


—— 


92 4 COMPENDIUM of 


Line On. an open ft lay 76 from the See of | 
- arts, from Bro C. | 
; Wi the Diſtance of 149 between the 


Points of the e one Foot in B 
with the other croſs the 27 At - 


in A, and join 


the Points B and A, and the Triangle is con. 
fir by and the An 28 A and B * 8 mea - 
fi Chords. 4 Hi 4 


the Line 


2. LOGARITHMETICALLY 


: To Fo the 5 s by Calculation, it will be, by 
; Il. of Trigonometry, AB : BC: 81e 
1 > L A; that * | 


As the Side A B ce oppoſe tc to the 
given Angle) 120 Bk. 2,0791812 


To the Side BC, o poſite : to fe 8 
Angle ſought 70 ” - 7 r,8450980 


_ Sois the Sine of che Angle at c 47 zo — 976126444 
e the Angle at A 22% 16 11,6576424 
ie ny 8784612 


/ 


©» The 


Oblique Plain Tz1c0nomeTrRY: 93 
The Ang A and C being known, the Angle 
at B may ch by Prop. VIII. K Il. thus, 


From the Sine of the three Angles i 05 oof 
Take the Sum of the Angles A and B 62 — 46 


3 Remains the Angle at B 3 115 —14 
i To find the Length of the Side A C, the Proportion 


As the Sing of the Angie C 400 — 30' 9, 8125444 
Is to the Side AB 120 - 2, 091812 
Soisthe Sine of the Angle B 1% - 14 9, 948952 


To the Side A C 16453 12,028 1564 


— 


2,2156120 


N. B. In taking the Sine of the obtuſe Angle B, 

obſerve, that by Def. II. Sect. III. the Sine 

of 117% — 14“ is alſo the Sins of 62*— 46', 

the one being the Complement of the other to 

180; therefore, from the Table of Sines, you 

ave to take the Sine of 62 — 46', becauſe eve- 

ry right Sine is the Sine of two Arches, the 

one being the Complement of the other to a 
Semisircle. | | 


N. B. The Parts requir'd in the ſeveral Caſes of 
| Oblique Trigonometry, may be found by the 
Scale and Compaſſes, by extending the Com- 
paſſes from the firſt Term of the Proportion, to 
the ſecond, and the ſame Extent wilt reach 
From the third Term to the fourth requir'd : 
Alſo the Parts requird may be found on the 
Sliding 

I 


94 4 Comrenviuu of 


Sliding Rule, by ſetting the firſt Term 6 a Fe 
the ſecond; then oppoſite to the m ad Term, the 
forth Term. Jay! be found. n @ 7 


SEAT > 2-7 6 1% 


be Au ies, and one Side of an 1 led plain 
E _— OE Js 10 Lo her the other 


E X A M p L E. 
Is the n ä 7 _ A BE; 


. B Ei 


IA Angles 5c 4. — le, 
(̃ Aud ib Side CB rie 


| Requir'd, The Sides BA and A C. 


GEOMESRICALLYT 


SVN C B equal to 110, by a Line of 
equal Parts. $53 | 
2. Make the Angle at B equal to 1169 — 20/ 
and the Angle at C equal to 41* — 10, by the 
Line of Chords. 

3. Draw out the Lines B A ahd C A, till they 
interſect each other in the Point C, and the Tri- 
angle is formed; and the Sides may be meaſured 
by the Line of equal Parts. | 


The proportion for finding the Length of the 
Side AC, will, by Prop. II. of Tri —_ be, 
As SLC: SLB 1 * AC 


As 


2 * 
— 
9 
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As the Sine of the Angle at A 28 — 30“ 9,67 86629 
To the Sine of the Angle B Ilo,- 20 9,9720579 
So is the Side BC 110 =. - |» 25,41 3927 


To the Side A C 216 12 wk 8 1240134506 


2,3 347877 
Again, By the ſame Progorion to find the Side AB. 


As the Sine of the Angle at C 41*- 10' 9,6786629 
Is to Sine of the Angle at A 28 3o' 9,8183919 
So is the Side BY 11e˖/ '- 20413027 


—— 


To the side A B 152 2 SE * 21 1,8607846 


„„ ——ñx. 


2,1821217 


| C AS E 


PIs ol + = tals af 


"Ry Sides; and the contained Angle of an "OI 1 
angled Plain Triangle being given, to Find the 
 oppofite Angles, a the other Side. ; 


EXAMPLE, 


In the o oblique-angied prain Tangle A BC, 


AB 96, 


er, le — 
* A zo” — 4. 


1 er les at B and C, 
And the Side BC. 


GEOMETRICALLY 


RAW the Line AC, and ſet off upon it 
124, fro from a Scale of eq ual Parts | 

2. Make the Angle A 1 to 30 — 407, by 

the Line of Chards, and draw out the Line A B, 

and upon it lay 96 from the Scale of equal Parts. 
3. Join the Points B and C, and the Triangle 

is ef, and the Angles B and C may be mea- 

ſured by the Line of Chords. 


The Proportion for finding the Angles in this 
Caſe, depends on Prop. III. 'of Trigon. for having 
found the Sum and Difference of the two Sides, 
ſubtract the given Angle from 180%, and take half 
the Remainder, which will be the Half Sum of 


the unknown Angles, by Prop, VIII. * II. 
Thus, 


Ac 


Oblique Plain Tzxiconometry. 97 
AC OM -” ns 
Sum of the Sides | ” . 
Difference of the Sides 'S a 28 


ry 


0 

Py | / 
Sum of all the Angles. = 180 — 00 
The Angle AE A 52119"! | (7 tar 30 — 40 


5 
— 


The Sum of the Angles at B and C 149 — 
boy the Sum of the Angles at B & * 74 — 40 


4 


Then, by the third Aviom, 


As the Sum of the two sides A C 
and AB 220 Tess | 1 2 342422 
$0 their Difference 28 5 447 I 580 


$0 is the Tangent of = the Sum of; 6 
the Angles at B and C.14*-10" ; 1058019413 


To the Tangent of half the Differ- i = 
ence of the ſaid Angles from the > 12,0090993 | 
half Sum * — ᷣ — 


9,6366566 


98 A Cour NDIUM of = 


To the half Sum of the "IN at B & c 174 — 4% | 
Add half their Difference rn 


The Sum is the greater An gle, v. . the z 
Angle at B. _ 


Alſo from half the Sum of the Angles s 74. — Wh 
Subtract half their Difference - 24 — 54 


— —— 


Remains the leſs, viz. the Angle at C 4 — 46 


Then, by Ariom II. the Side B 1 may be 
found ; thus, 


As the Sine of the Angle at © 4.92 - 45 9,8825635 


Is to the Side A R 96 wy EO” 1.982212 


So is the Sine of de gle at'A 30'- 40 > 97076064 


a. — 


To the Side der nd bes ie: wen OS 


— — — 


” 
e "F 0 q 8 * 
4 K 1 5 : 
4 — 7 7 $ : — Y R * " x 
8 8 x 4 
; hes | FI , 3 
. . 
2 3 * 5 5 o * o * 
, 44 « I Fs . F « 
& , 1 9 > 
* - 3 ws. 2 4 F N , 
4 
* 


oa. „ „ „ e e Aa 


” 
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cr oO $I 
Given zhe three Sides, to find rhe $7 


N E X A NP L E. 
| a . he Oblique-angled 2 angle A B c, 


1 AB 110, 
265 . 150, 
| BC 86. 


dann, d, "The Angles A B and C-> 


EO NE TRICALL * 


D the Line A C, on which lay 150 
from a Line of equal Parts from A to C. 
2. Take from the ſame Scale lo, and with one 
Foot in A, deſeribe an Arch, as at 83. 

3. Take from the Scale 86, and with one Foot 
of the Compaſſes in C, croſs the former Arch, 
Was at B; and &om A and C to the Interſecting, 
draw out the Lines A B and CB, which com- 
pleats the Triangle; and the Angles may be mea- 
ſured by the Line of Chordgy But; in order to 
determine their Quantity by Calculation, from 
| the Angle B let fall the Perpt endicular BD, then 
will the Triangle ABC = reduced into two 
right-angled Triangles ADB and CD B, in each 
of which the Hypothenuſe A B and B C are given, 
and the Baſes A D, DC, may be found by 


Prop. IV. of Tri anon. 


100 A Cowmrenpiua of 


As the Baſe A C 10 — 2,1760g1; 
To the Sum of the Sides AB, BC 196 2, 2922561 


So is the Difference of the Sides, AB 


and BC 24 — £ 5 1,3802112 


—— — 
— 


To Ae, the Birence Se Seg- | 
ments of the 98 A . DC 57 356724673 


1 


T Nn q — 
e221 963760 


Which 31 ſubtracted from A C 150, the whole 
Baſe, leaves C119, the Half of which is 395 
DC, the leſſer Segment; and this leſſer 59 — 5, 
ſubtracted- from the Whole * 50, WADI 90 4 . 
4 the greater Segment, A D. 


ae Sep ments A D and DC; or ls Ihe . 
Sow AP, and ib Hperbonaſo, being knoꝛun, the 
Na * may eafily be found by Caſe V. Y Weir 
v0 "angled pla yy Triangles ; . 110 29; 

_ 


IS * 21 + ALS. c 4 4 14 It 6 


As the Baſe AD 905 7 W 1,9563425 
Is to the. Side AB 110 50 MS 250473927 
80.5 18 the Radius 98 | If — L.3 10,0000008 

9 t * FT} 
Torhe Secancof cheAngle aA 34 42. 1 100g 50502 
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8 bs the maul. c CD B. 


As the Baſe CD 59 — 5 — 177739420 
Is to the Side C B __ — „ 19344985 
So is Radius go - — I0,0000000 


— —— 
+ 


' TotheSecant of the Angleat C 46- -I7 19,1 v5 * 


7³ 
15 Now, if to the Complement of they. 
50 Angle A 55 
Be added the Complement of che An- 
gle at C - $ 43 — 45 


Pp" ETC ESNEY 


_ 


The Sum will be the Angle ABC — 99 2 


N. B. The Angles ABC of the Triangle ABC, 
may be found, if the Perpendicular be let fall 
from any other Angle. 


H 3 THE 


APPLICATION 


OF 


TRIG ONOMETRYTV| 


IN TAKING © | 
Herours and Disraxcks. 


* ** 1 N 
** 


e VI. 


HE "Object to be i may be | 
either acceſſible, or inacceſſible ; or 
1555 it may be upon level Ground, or 

3.514 ene 1 a Hill 


BXAMPLE L 


7 Meaſure an acceſſible Altituie, 
ET AB repreſent a Tower, or Steeple, 


whoſe Height is fequir d. 
Firſt, with the Quadrant, or any other Inſtru- 
ment, find the Quantity of the Angle C, which 
ſuppoſe to be 52? — 30 /; then meaſure the Di- 
ſtance A C, which ſuppoſe to be 85 Feet ; then, 
by 72 1 I. of plain * 


As 


1 Application of, &c, 103 


N pp 
10. of the ret 37 300 CH oy axes 


To the Baſe A C 85 Feet * 1, 929419 
So is 8. of the Angle C 529  y0'- 97899466 


To the Altitude A B n % % 2,044458 
* | 


„„ |  10,000080 
To the Baſe AC 85 Feet 15929419 
ss is T. of the Angle C 320 — 307 10% 150i) 


— — 


5 To the Altitude 110,8 - 223044438 


Note, That in this. and all fact Caſes, 705 muſt 
add the Height of your Eye, or Inſtrument, 70 
the A Pore ound. | 


Mk - . "F* 
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: * * * i 


Ex AMY L E HI. 
To Meaſure an inacceſſible Altitude. 5 | 


ET AB in the following Figure, be a 
ILL Church-Steeple, whoſe Height is requir d, 
but, by reaſon of a River, or ſome other Obſta- 
cle, it is inacceſſible ; that is, you cannot come to 
the Foot of it at A. „ 1 

Peirſt, with your Quadrant at C, take the An- 

gle of Altitude, which ſuppoſe to be 269 — 30%, 
then meaſure in a Line towards the Steeple, to 
D, which ſuppoſe to be 75 Feet; and at D ob- 

ſerve again the Angle of Altitude, which let be 
51 — 300. > OE 4 2 | 


Now the two viſual Lines CB and DB, and 
the meaſured Diſtance C D, do form the oblique- 
angled plain Triangle C B D, wherein are given 
all the Angles, and the Side C D, the Angle 
BCD being 26* — 30% and the W Th 


1 


in taking Heights and Diſtances. 105 


ADB 514 — 30, to 180, is the obtuſe Angle 


BDC 128 — 30', and conſequently the third 
Angle CBD is 25 Then by Caſe I. of Oblique- 


0 angled plain Triangles, find 74 Side DB; thus, 
As S. of 256 CBD C. A. R 65394052 


To the Diſtance of CD95 =- 1875067 


So is S. of 269 — zo! to the Angle C 9,649527 


— 
1 


To the viſual Line B D 79% 18 2 r,898640 


Then, by 2 I. of right-angld plain 'Tri- 


an gles, 


As Radius =—_ IT & I0,000000 
Is to BD 79,18 „„ - 1,898640 
Sois S. of ADB 5 O— 300 = 9,393544 


To the Altitude AB 61,97 1592184 


E K. 
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* 4 


Le BCD repreſent three Objects, whoſe Diftances 
are known, and A, E, two ſuch Stations, that 
From A may be ſeen the other Station E, and the 
Objects B and C, but not D: Alſo from E may 
e ſeen the Station A, and the Objects D and C, 
But not B, conſequently the Angles BAC, CAE, 

CEA, and CE D, may be found by Obſerva- 
tion; but the Diſtance of the two Stations cannot 
be meaſured; tis required to know the Diſtances 
AB, AC, AE, CE, and ED. LE be 


Let BD = 88,25, BC = 71,5, and DC = 
37,75 ; then Z BCD = 1032 5o' 10”, 4 BDC 
= 51* 37 21", and L DBC = 24 39' 29", 
and the other Angles, as in the Figure, © 


1 the Figure a be de ſimilar to the Pi- 

D gure AB CDE, and continue the Lines b a 
and de till they meet in the Point f. It is evi- 
dent, that if the Figures are ſimilar, the Figure 
abe def may be ſo enlarged, or contracted, that 
the Line à e may be of any aſſumed Length, and 
yet the Angles, in every reſpect, will be the ſame ; 
therefore let us imagine the Line ae to be = 10, 
then in the Triangle a ef there is given all the 
Angles, and the Side à e, to find af = 11,493 ; 
and in the Triangle a ce there is given the ſame, 
to find c a = 20,918. . ; 

In order to go on with the remaining Part of 
the Calculation, continue AB and DE to E, thro* 
the Points BD and P, draw a Circle, and draw 
the Lines CF, and BG, and GD; then, in the 


Triangle a cf there is given the Sides à c, af, and 


te included Angle c af, to find (by Caſe III. of 
. e »2 | Sd Oblique 


4” 


in talking Heights and Diſtances. 107 
Oblique Trigonometry) the Angles a fc = 36? 47 
2 (= L APC, and by Prop. XX. Keck. I]. 

= BDG) and the 4 acf = 19 12' 38” 
(= & ACF); and the La fe — a fe = 


16* 42 38” = L CFE LD BGC; and 180? 
— {LBDG - DBG = 126% 3) = BGD, 
per VIII. of Sec. II. then in the Triangle BG 
there is given all the Angles, and the Side B D, 
to find (by Caſe I. Oblique Trigonometty) the 
Side GD = 31, 56674; then in the Triangle CGD 
there is given the Sides GD, CD, and the in- 
cluded. Angle G DC, to find (by Cafe HI, of 
_ Oblique Trigonometry) the Angle D GC'=.11 * b 
3.49% 5”, and the 4 DCG = 48, & , 55; 

then 1800 — .D GC = 62 56 10% 35g" =: 
DGF = DBF, and / BGD — LDE oP. 


A 23 
en 
* 


108 7 he Application of Trigonometry | 

63% 33' 49% % = LBGF.= LBDF, and 
189 — ABC — BAC = 360 247 20% * 
= BCA: Then in the Triangle BCA there 
are given all the Angles, and the Side B C, to find 
(by Caſe I. of Oblique Trigonometry) the Side 
AC = 85,8673, and the Side A B = $51,007 : 
Again, in Ws * ACE, there are all the 


A and the Side A C, given to find (by the 
fame Caſe) the Side A E 41,0489, and the 
Side E C 77596764 And then, 4 BDC T- 
BDF 119 110 10% gf = LFDC, and 
180 — LEDC—DEC= 382 49 ao” 55" 
L DCE. Laſtly, in the Triangle DCE 
there is given the Side CD, and all the Angles, 
to find (by the laſt Caſe mentioned) the Side 


DE. = 53 97.58, and the Side EC = 11,949. 
2, E. 'F 7 5 
Cd E X- 


in intaking Height and Diſtances. 109 


ET 4 int 


Let B E D be three Objects, whoſe Diſtances are 
known, and C a Station from which all the Ob- 
jects may be ſeen, and the Angles with each Ob- 
ject 23 be found, — 708 7 of each 
Object? a 


BD = 106 ; 
BE = 583,25 B C 
DE = 65, 5 þ Required EC 
{ BCE = 13, 30%. DC 


L DCE = 299, 50, 


All the Ang gles of the Triangle B D E may be 
found per Caſe IV.. of Oblique 'T 3 
Viz. B DE 23 56 fo, DBE = 
299 57% 75 and 2 BEP = 26 G6 305 


Tu. "OT Points B, D, and C, draw a 
Circle, draw the Lines B C, DC, and EC, 
which laſt continue to F, where it cuts the Circle, 
draw B E and DF. Then 180˙ — BCD 
BF D = 136" 40%, 25 VIII. of SF, II. and 


by the. Gs DBF = be 4 DCE. 4 * the Tri- 
angle BFD there are given © all the Angles, and the 
Side B D, to find BF = 36,059, and DF = 
16,843, per Caſe L. of Obligue Trigonometry : 
Then the 4 F,DB +. 2 BDE = F DE; then, 
in the Triangle F D E there are given the Sides 
ED, FD, and the included Angle FE DE. to find 
the 4 FE = = 84* 307 240 , and 180 — L FEED 
= 95 29“ 36“; then, in the Triangle E DC 
there are all the "Angles, and the Side D E, given 
to find the Side EC = 107,42, and DC = 
| 131,0 5. 


110 The Application of Trigonometry 
131,05. Laſtly, In the Triangle BDC there are 
given all the Angles, and the Sides B D and DC, 
ES 151, 3. | | 


l 32 + * 
„ 
8 
1 1 
41 
4 \ 1 
* 
? * i F. 
8 1 A1 \ 
2 At 
— N 
8 1 4 1 7” F? 
Se EXAMPLE wy. ; 


arg BD; two Stations Shoe Diane is al 
- Tards, from whence the two Objetts C and E, 
boy may be ſeen, and their Angles ound by Obſer- 

"tation, viz. CBE = 49%, EBD = zze, 
""CDB = 327, andCDE ='56* ii ror 

ud BE, BE, DC, DE, and CE. * 
3 IL 


N the Trianple C BD, eds? is the Side B D, 
and all the Angles, given to find BC = 
28.9 5, and DC = 54, 2349, which may be 
done by C I. of Out Trigonometry, and in 
the Triangle B E D, there are the ſame Things 
given to end BE 58,6775, and DE = 

36,1475, per the ſame Cale Laſtly, 'In the 


Triangle BCE there are given B C and BE, * 
e 


in talking Heights and Diſtances. 111 
the included Angle CBE, to find CE = 45,3 378, 
15 1 89 III. in re annum. | 


SE 


EXAMPLE VI. 


Let CE be two Objects, whoſe Diſtance is known, 
and let B and D repreſent two Stations, from whence 
they may be both ſeen, and the horizontal Angles 
CBE and DBE, CDE and CDB, found by 
Obſervation ; but the Diſtance of the two Sta- 
tions cannot be meaſured ; *tis required to find the 
Diſtance of the two Ones, and the Objetts fron 
each Keen. _ | 


D* AW ante "EOS as ce 5 5 2 Goſs Side 9 
d, ſuppoſe to be any Number, as 10) and 
ſimilar to the Figure CEDB; now, upon this 
We that * A is Io, and the little Figure 


ſimilar 
+ 


112 . The Application of, &c: 
ſimilar to the great one, we may, by the Method 


of the laſt Problem, find de = 4,61, be = 
12, 353116, be = 6,05885, dc = 11,4178 and 
ce = 9,5448. Now, if by working in this Man- 
ner, ce had been found = CE = 45,3318, then 
it is evident, all the Sides had been juſtly found; 
but, as it has not been found ſo yet by the Simi- 
larity of 'Triangles, the-true Sides may be found 
from thoſe already diſcovered ; thus, as ce ; CE 
:: cb ; CB = 28,7795; and as ce: CE :: 
d: CD; and cb: CB : d: BD = 
47,5; and as ce: CE: : ed: ED'= 36,147; 
and ſo of the reſt. | 


wc 
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COMPENDIUM 


O E 
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PLAIN SAILING: 


*S-E C T. VI 
CASE. I. 


Courſe and Diſtance being given, to nd the 
Di N of Latitude and Departure. 


EXAMPLE. 


Admit a Ship from the Latituds go 10 N. 
ſails S. S. W. 48,5 Miles, Trequire the Latitude 
ſhe is in, and her Departure from the Meridian. 


GEOMETRICALLY. 
ä RAW the Line AB, which will be 


| DS a Meridian, or North and South 

OG 5A Line, and with the Diſtance of 60 
SEX from the Line of Chords, and one 
Foot of the Compaſſes in A, with the other de- 


ſcribe the Arch x). 


2, From 


>. | 7 
114 4 Comrenviun of 


2. From a Line of Rhumbs take two Points, 
the Diſtance of S. S. W. from the S. (which is 
equal to 220 30“) the given Courſe, and ſer it 
from x to y, and from the Center A draw the 
Line Ay C. | | 
3. From a Line of equal Parts take 48.5, the 
given Diſtance fail'd, and ſet it from A to C, and 
Hows C ler fall the Perpendicular C B, which 
compleats the Triangle. F | 
4. In the Triangle ABC, AB repreſents the 
Difference of Latitude, AC the Diſtance failed, 
B A the Weſting, or Departure from the Meri- 
dian AB. The Angle A repreſents the Courſe, 
or the Angle of the rhumb Line failed on, makes 
with the Meridian, and the Angle at C is the 
Complement of the Courle. 


N. B. That the Courſe ſubtracted from, go* © ; 
leaves the Complement of the Courſe, which, 
in this Caſe, is 679 zol. 


N. B. That the Parts required may be found three 
different Ways by the Trigonometrical Rules ; 
thus, Iſt. If the Diſtance be made Radius, the 
Difference of the Latitude will be the Sine 

: Complement of the Courſe, and the Departure, 
the Sine of the Conrſe. 2dly, If the Diffe- 
rence of Latitude be made Radius, the Depar- 
ture is the Sine of the Courſe, and the Diſtance 

_ ſailed is the Secant of the Courſe. 3dly, If 
the Departure be made Radius, the . 

FT. * 5 
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of Latitude is the Sine Complement of the 
Courſe, and the Diſtance ſailed, the Secant 
| Complement of the Courſe, per Axiom I. 


If a Side be requir d, begin the Proportion with 
an Angle; that is, the Name of the given Side; 
then ſay, 
As the Name of the given Side, 
ls to the Side given; 
So is the Name of the Side requir d, 
To the Side requir d. 


In the Application to Navigation, the Diſtance 
is commonly made Radius. 


By the Logarithms, | 


As Radius ge” 00” = !'s:- +" xo,ovces 
Is to the Diſtance AC 48,5 - = 1,68574. 


$0 is the Sine of the Angle A 22 3 9, 58283 


'To the Departure B C = 18, 1326857 
Then, 


As Radius 90% oof = « to, ooooo 
Is to the Diſtance A C 48, 5 - 1,68574 
So is C the Coſine of Courſe 679 30 9, 96561 


| To the Difference of the Latitude 44, 8 : I,65135 


T 2 From 
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From the Latitude departed from 56 100 
Subtract the Difference of Latitude oo 44,8 


—Iꝛy— — 4.” as 


Remains the preſent Latitude 49 25,2 


By the Gunter Scale. 


Extend the Compaſſes from go on the Sines, 
to 220 3o', and the ſame Extent will reach from 
45,5 to 18,5 on the Line of Numbers; and the 
Extent from 9oꝰ to 6% 30“ on the sines, will 
reach from 48, 5 to 44, 8 on the Line of N umbers, 
which is the Difference of Latitude. | 


By the Sliding Rule. 


Draw the middle Part towards the right Hand, 
*till 90 on the Sines is oppoſite to 48,5 on the 
Numbers; then will 22 30' on the Sines, ſtand 
againſt 18. 5 on the Numbers, the Departure: Alſo 
without altering the Scale, againſt 6% 3o' on the 
Sines, will ſtand 44,8 on the Numbers, 42 Dit- 
ference of Latitude. | 


CASH 
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CASE i 


25 he Courſe and Difference of Latitude being 
given, to find the Departure and Di Han 
failed, 


EXAMPLE. 


Admit a Ship ſail from the Latitude 48% 30“ North, 
and fails S. S. E. + Eafterly, till ſhe be in the 
Latitude 47 21', I demand the Departure and 


Diſtance ſailed. 


GEOMETRICALLY. 


RAW the Line AB, a North and South 
Line, repreſenting the Meridian of 4.89 
30 North, and ſubtracting the Latitudes one 
from another, it leaves 69“ for the Difference of 
Latitude, which taken from a Scale of equal 
Parts, muſt be ſet from A to B. 
2. With the Chord of 60, deſcribe the Arch 
x y from the Center A, on which ſet off the 
S of 252 19 (anſwering to. S. 8. E. 4 x Eaſt- 
erly) from x to y, and draw Ay C. 
3. On the Point B erect a Perpendicular till 
it cut A C in C, which compleats the Triangle. 
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By the Logarithms. 
As LCS 64* 41' the Coſine of Courſe 9,956148 
Is to the Difference of Lat. 6 = AB 1,838849 
So is the Radius 900 - = _18,000000 


To the Diſt. fail'd 76, 3 Miles z= BC 1882701 


Again, 


As L C = 64 41' the Coſine of Courſe 9,9 5614.3 
Is to the Difference of Lat. 69g = AB - 1,838849 
So is the . A 25 19/ the Courſe - 9, 631058 


—— O————Y 


To the Departure AB = 32,6 Miles 1, 513759 
By the Gunter Scale. 


The Diſtancs between 64 4.1/, and go on the 
Line of Sines, will reach from 69 on the Line of 
Numbers, to 76,3 = Diſtance failed ; and the 
Diſtance between 64 41', and 25 19“ on the 
Sines, will reach from 69 on the Line of Num- 


bers, to 32,6 = the Departure from the Meri- 
By the Sliding Scale. 

Set 64 41' on the Sines, to 69 on the Num- 

bers; then againſt 90 on the Sines, will be y6,3 


on the Numbers; and againſt 25? 19“ on the 
Sines, will be 32,6 on the Numbers. 


CASE 


LES — * 
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CASE Bk 


The Courſe and De parture given, to find the 
Diſtance and Difference of Latitude. 


EXAMPLE. 


A Ship, from the Latitude of 480 3o' North, ſails 
N. E. by N. ill her Departure from the Meri- 
dian be 48,5, what is the Diſtance ſailed, aud 
Difference of Latitude. 


GEOMETRICALLY. 


I. RAW a Line, as BC, and ſet thereon, 
from a Scale of equal Parts, 48.5, which 


is the Departure given. 

2. With the Chord of 60, from C deſcribe the 
Arch ab, on which, from the Line of Chords, 
lay 56 15', the Complement of the Courſe, and 
draw out the Line CH A 

3. From B erect a Perpendicular to CB, till 
it cut A C in A, which finiſheth the Triangle. 


C 
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By the Logarithms. 
As Sine of the C A 33 45 the Courſe 9,744739 
Is to the Departure BC 48,5 - =« © 1,685741 
So is the Radius go? = 105000000 


— 


* 


To the Diſtance AC 81,3 Miles 194 002 
Then, | 


As the Radius „ I0,000000 
Is to the Diſtance AC 83 - 1,941 002 
Sois Sine of £ C 56? 15/ Comp. of Courſe 9,9 19842 


——— ̃ -—-— 


To the Difference of Lat. AB 72 Miles 1, 860844 
By the Gunter Scale. 


The Diſtance from 330 45', to 9o* upon the 
Line of Sines, will reach from 48,5 upon the Line 
of Numbers, to 87,3 = Diſtance required: And 
the Diſtance from 90, to 56? 15' on the Line of 
Sines, will reach from 8), 3 on the Line of Num- 
bers, to 72, the Difference of Latitude requir d. 


By the Sliding Rule. 


Set 330 45 on the Sines, againſt 48,5 on the 
Line of Numbers; then againſt go? on the Sines, 
will be 87,3 on the Line of Numbers; and againſt 
56? 15” on the Sines, will be 12 on the Line of 
WAA 


— 1 


1 
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S ASE N. 


T he Diſtance and Difference of Latitude being 
given, to find the Courſe aud Departure. 


EXAMPLE, 


Admit a Ship - ſail from the Latitude 42 15 
North, one ſome Point of the Compaſs between the 
North and Weſt 88 Miles, then finds herſelf in 
the Latitude of 43 zo North; I demand the 
Courſe and Departure 


From 43 300 
Subtracs 42 15 


Miles 
Remains 1 15 = 5 = Difference of Lat. 
GEOMETRICALLY. 


I, | þ 27 the Meridian A B, upon which, 
from a Scale of equal Parts, lay 15 from 
A to B, and make BC perpendicular to A B. 

2. Take from the Scale of equal Parts 88, the 
given Diſtance, and with one Foot of the Com- 
paſſes in A; and the other will croſs the Line B C 
in C, then draw AC, which compleats the Tri» 
AW FI | 
ge e 


1 


Then 
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Then is the - A, the Angle of the Ship's 
Courſe = 31 33' = N. N. W.+ Weſt, becauſe 
the Ship fails between North and Weſt, and the 
- C is the Complement of the Ship's Courle. 


By the Logarithms. 


As the Diſtance AC = 88 — 15944482 
Is to Radius go? = 10, 00000 
So is the Difference of Lat. AB= "75 1,897 5861 


— — 


To the Comp. of Ship +Courſe = 45 585 27 9,930 579 
T hen, 


As Radius go? = 10, 000000 
Is to the Diſtance AC = 88. - - 1,944482 
So is the Ship's Courſe 310 33˙ = = 9,718703 


To the Difference of Departure 46,04 1,663185 


i 


--{ By: Eunter's Scale. 


"The Diſtance between $8 and 75 upon the 
Line of Numbers, will reach from go upon the 
Line of Sines, to 58* 27, which is the Comple- 
ment of the Courſe : And the Diſtance between 
go and 31* 35/ upon the Sines, will reach from 
88 upon the Line of Numbers, to 46,04, the 
Departure. 


By the Sliding Scale 


Set 88 on the Line of Numbers, againſt 90 on 
the Sines ; then 7 5 on the Line of Numbers, will 
_ ae againſt 582 on the Sines ; and 315 330 is 
0 on the Line of Numbers. 


CASE 


— 
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CASE V. 


T he Diſtance and De arture given, to find the 
Courſe and Difference of Latituds. 


EXAMPLE. 


Admit a Ship ſails 12 Miles between South * 
Weſt until ber Departure is 44 Miles, I demand 
the Courſe and Difference of Latitude ? | 


GEOMETRICALLY 


RAW a Line, as CB, and from a Scale 
equal Parts take 44, the given Depar- 
rats; 45 = it from B to C. 

2. On B erect a Perpendicular of any Length. 
3. With the Diſtance given taken from a Scale 
of equal Parts, ſetting one Foot of the Compaſſes 
in C, with the other croſs the Line AB in A, 
then draw A C, which compleats the Triangle. 

4. Then is A B the Difference of Latitude, 
and the Angle A = 3% 41, the Angle of the 
Ship's Courſe between South and Weſt, vig. 
S. W. by S. 3 56“ Weſterly ; as will be ſeen in 


| the following * 
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By the Logarithms. 


As the Diſtance failed AC 72 Miles 1,857332 
Is to the Radius "a I 0,000000 
So is the Departure CB 44 Miles 2 2643452 


To the Angle of Ships Courſe A = = 37 41 1 9,7860 120 
6:11 Mien 


As Radius 90? e 10,000000 
Is to the Diſtance fail'd A C 72 Miles 1,957332 
80 is Angle C the Comp. of Courſe 52 190 9.898396 


To the Diff. of Lat. AB = =" Miles I,755728 
By the Gunter Scale. 97 


The Diſtance between 72 and 44 on the Be 
of Numbers, applied to, the Line of Sines, will 
reach from go? to 37 41', the Angle of the Ship's 
Courſe : And the Diſtance between go? and 
$522 19/ on the Line of Sines, will reach from 5 to 
57 on the Line of N umbers. 


By the Sliding Scale. 


Set 2 on the Line of Numbers, againſt 90 on 
the Line of Sines, then will 44 on the Line of 
Numbers, be againſt 37 41 on the Line of Sines ; 
and at the ſame Time 52? 19', the Complement 
of the Courſe, will be * 57 on the Line of 
Numbers. 


TFiA1INSATILTNG - ay 


CAaScE 


The Diference of Latitude and Departure 
given, to find the Courſe and Diſtance. 


EXAMPLE. 


Admit a Ship ſails between South and Weſt until 
her Departure is 48 Miles, and her Difference 
of Latitude is 62 Miles, I demand her Courſe 
and Diſtance ? 

CEOMETRICALLTY 

15 RAW a Meridian, or North and South 
| Line, as AB, then from a Scale of equal 

Parts, take 62, the Difference of Latitude, and 

ſet from A to B 
2. On B ere& a Perpendicular, and ſet 48 

equal Parts from B to C, and draw A C to com- 

pleat the Triangle. | 
3. Then will the L A be found = 37? 45, as 
in the following Proportion, = Ship's Courſe = 

. = by S..4* Weſterly, and A C the Diſtance 
iled. Ys 


C 
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By the Logarithms. 
As AB 62 Miles 192391) 


Is to Radius go? - - = 10,0000000 

So is CB 48 Miles = 1,6812412 

To the Tangent of the Courſe 35 45 9,8888495 
Then, 


As the 4. A the Ship's Courſe 37* 45“ 9,186905 
Is to the Departure C B 48 Miles 1,681241 
So is the Radius dE = >» —.* -I0,000000 


——ñ — 


To the Diſtance A C = 8,4 Miles 1, 894336 
2 the Gunter Scale. 


The Diſtance between 62 and 48 on the Line 
of Numbers, apply d to the Radius upon the Tan- 
gents (which is 45% will reach to 37 45, the 
Angle of the Ship's Courſe; and the Diſtance 
between 37? 45, and go? on the Sines, will reach 
from 48 on the Line of Numbers, to 78, 4, the 
Diſtance ſailed. | 


By the Sliding Scale. 


Place 62 on the Line of Numbers, againſt 45 
on the Tangents ; then will 48 on the Line of 
Numbers, be againſt 3 45 on the Tangents, 
which is the Angle of the Ship's Courſe ; and go*® 
on the Line of Sines, will be againſt 18,4 on the 
Line of Numbers, which is the Diſtance ſought. 


T O 


To WORK A 


TRAVERSE. 


SE CT. VIII. 


HEN a Ship, Gilirig from one Port 
to another, is forced by contrary 
Winds, or any other Accident, from 
the direct Courſe, and is oblig'd 
— to make two, or more, different 

Courſes, before ſhe can attain the deſigned Port, 

then is that Sailing called a Traverſe ; the Method 

of working which, may be ſeen in the following 


SS AAMAMPLE 


Suppoſe a Voyage Was to be made from the Lizard, 
Latitude 50? 1o' North, to the Land of Ber- 
mudas, whoſe Latitude is 32 25, North, and 
Difference of the Meridians is 3360 Miles Weſt 
of the Lizard; aud, in order to attain the ſaid. 


Port, the Ship, by contrary Winds, ſails the fol- 
lowing 
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vowing Diſtances and Coiirſes ; firſt, W. 8. W. 
100 Miles, then S. S. E. 18. Miles, afterwards 
due W. 95 Miles, then N. W. by W. F W. 67 
Miles, S. 58 Miles, and S. W. by S. + W. 90 
Miles, tis requir 2 to find what Latitude the 
Ship is in, and her Departure from the Meridian, 
and alſo the direct Courſe and Diſtance to Ber- 
mudas? 


GEOMETRICALLY 


Draw a Circle by the Radius 60, taken from 
the Line of Chords, as NES W, and divide it 
into four en with the Lines EW and 8 N, 
let N the North, 8 the South, E the Eaſt, W 
the Weſt. 


From the Line of Rhumbs ſet off two Points 
= WSW from W to I, and two Points from 8 
to 3 = SSE, and 2 4 Points from W to 4 = 
NW UW +5 W ; laſtly, Set 4 4 Points from W 
to 2 = SW 5284 W; and from theſe Points draw 

Lines 
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Lines to the Center A, as in the Figure, which, 
to prevent Miſtakes, may be marked with their 
reſpective Names. 

Then continue A I till it be = x00 = Diſtance 
failed upon WS W Courſe, from the Point B 
draw BC, in Length 78, and parallel to A 3, 
which will be the Diſtance failed upon the 8 8 E 
Courſe; draw CD parallel to EW = z, the 
Diſtance ſailed upon the Weſt Courſe ; draw DE 
parallel to A 4 = 67 = Diſtance failed upon the 
NW #4 W + W Courſe; draw E F parallel to SN 
= 58 = Diſtance ſailed upon the South Courſe ; 
draw F G parallel to A 2 = go = Diſtance ſailed 
upon the laſt Courſe mentioned. It is evident 
from the Nature of the Thing and Figure, that 
if E W be continued, G H be made perpendicular 
to it, then will AH = 2y2 Miles = Difference 
of Latitude, and G H = 203,5 = Difference of 
DR from the Point A, which repreſents the 
Lizard. | 


By Calculation. 


For the Eaſe of Calculations of this Kind, make 
a Table as follows, and in the firſt Column to- 
wards the left Hand, ſet the Courſes given ; in 
the next, ſer the Number of Points that each 
Courſe is diſtant from the North, or South; and 
in the next, the Number of Degrees correſpond- 
ing to thoſe Points; and in the fourth, Diſtance 
filed upon the reſpective Courſes. Make four 
other Columns, and mark them as you ſee. 

'Then in the Table of Latitude and Departure, 
look out fix Points, or 67? 30', and againſt 100 - 
you will find 38,2 for Difference of Latitude, 
and 92, 4 for Difference of Departure, which put 
under the- Words South and Weſt, becauſe the 
Courſe conſiſts of South and Weſt, Again, Logs 

K. or 
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for two Points, or 22 3o', and againſt 78 yon 

will find 72 Difference of Latitude, and 30 Dif. 

ference of Departure, which place under the 

Words South and Eaft, becauſe the Courſe is $ 
and E; and ſo proceed with all the Courſes and 
- Diſtances, *till you have compleated the following 
TABLE. | 


| | : , gl. 1: | it. [Ut of Lat. JDiff, of De 
[rhe Courſes |eoints be. Meria failed Ferch [Sourh Eat [va 
W.S.W. | 6 61,30 [lo- = [38,2] 92, 
SS E |2 | 22,30] 780-2, 130, [- 

| W 8 ; 90,00 OS] => -| - . 95,0 
PNW2W+zW] 5 A 5994 | 6713444! = - | = = [57,5 
8 o | 00,00] 58 38,0 - -|-- 
BW2S2W | 3 5 39,92] N — 69,6] - - [57,1 


344 1237,9130,0 3020 
3444 39,0 


—ůů—ů— [ 


Difference of Lat. 203, 8. 2720 


Add each reſpective Column, and place their 
reſpective Sums underneath, then ſubtract the 
- leaſt Difference of Latitude from the greateſt, 
and the Remains are the true Difference of Latitude 
of the Name of the greateſt ; and do the ſame of 
the Departure, by which it is found, that the 
Difference of Latitude is 203, 5 Miles South = 

30 230 30%, and the Departure is 252 Miles Weſt; 
then, | 


50 1o' O = Latitude Lizard. 
3 23 30 = Difference of Latitude. 


| 46 46 30 = Latitude of the Ship. And, 


46 
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4646 = Latitude of the Ship. 


32 25 = Latitudes of Bermudas. 


14 12 = 861 Miles = Difference of Lat. 
Again, 


| 3360 Difference of the Meridians between the 


Lig ard and Bermudas. 
212 = the Ship's Departure. 


EY; / "7 | 
3088 Miles = Difference of the Meridians. 


8 Then, by Caſe VI. in Plain Sailing, G 


may be found the Courſe and Di- 
ſtance to Bermudas, Courſe WSW 
+ 6? 55 Weſterly, and the Diſtance 
15 MEL $9585: : 


Thus Geometrically. 


' Draw a Line, as AB, and from a 
Scale of equal Parts ſet 861, the Dif- 
ference of Latitude from A to B, 
on B ered a Perpendicular, the 
Length of 3088, equal Parts, then 
draw A C to compleat the Triangle. 


azz To Work a Txaverst, 


By the Logarithms. 


As the Difference of Lat. 8 61 Miles 2,9350032 
Is to the Radius go? = = - = © 10,0002000 
So is the Diff. of Merid. 3088 Miles 3,4896; 


me — OR 


To the Tangent of the courſe 74 25 10, 5546741 
And, _ 
As the Coſine of the Courſe 1 5, 35 9,429 1 Yor 


Is to the Difference of the Lat. 861 2, 93 5003: 
So is the Radius go? = = - = To0,0000000 


. 11 CEEOEEEES 


To the Diſtance requir d 3132 Miles 3,49 58331 
By the Gunter Scale. 


The Diſtance between 861 and 3088 on the 
Line of Numbers, will reach from 4.5% on the 
Line of Tangents, to 74 25, the Angle of the 
Ship's Courſe ; and the Diſtance between 15 25 
and 90 on the. Line of Sines, will reach from 
86x on the Line of Numbers, to 3132, the Di 
ſtance required. 


By the Sliding Scale. 


Place $61 on the Line of Numbers, againſt 45 
on the Line of Tangents, and then 3088 will be 
againſt 74 2o' on the Line of Tangents; then 
place 15? 35, the Complement of the Courſe, 
againſt 861 on the Line of Sines, and 90 on the 
Sines, will be againſt 3132 on the Numbers. 
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© ow | ow + wv» -| WA 


— 
O 


»|\Þ w 6b = O HON s 


1 Degree | 


2 Degrees Point 


Lat. 


01,0 
O250 
O350 
04,0 
0.550 
06,0 
075 
O8, 
09,0 
10,0 


1150 


12,0 
1350 
I 4,0 
I 5,0 


16, 


17,0 


18,0 


19,0 
20,0 
4170 
22,0 
2 3,0 


2. 4,0. 
Dep. 


Dep. 
©0,0 
00,0 
00,1 
O0, 1 


oo, 


oo, 1 
O0,1 


©0,1 


00,2 
00,2 
00,2 
00,2 
00,2 
00,2 
00,3 
00,3 
O053 
0,3 
0053 
0074 
00,4 
00,4 
00,4 
00,4 


Lat. 


Lat 
01,0 
02,0 
© 390 
04,0 
0.5350 
06,0 
07,0 
08,0 
o 9,0 
10, 
11,0 
12,0 
I 3,0 
I 4,0 
I 5,0 
1 6,0 
I'7,0 
I 8,0 
I 9,0 
20,0 
21,0 


22,0 


2 3,0 
2.450 


Dep. 


Dep. 
00,0 


0051 1 


00,1 
©0,1I 


©0,2 


00, 2 
00,2 
oO, 3 


005,3 
00,4 


0054 


00,4 
©0,5 
00,5 
00,5 
00,6 
00,6 
00,6 
O05 
O05 


00, 
ö 


00,8 


00,8 


00,8 


6 #0 


| $9 Degrees i 88 Degre 


O1,0 
©2,0 


| 03,0 
04,0 


© 5,0 
06,0 
07,0 
©8,0 
o 9,0 


10, 


11,0 


12,0 


I 3,0 
I 4,0 
I 5,0 
1650 
17,0 
18,0 
19,0 
20,0 


21,0 | 


22,0 


2 3,0 


24,0 


Dep. 


E. Dep. 


oO, o 
oo, 
OO,1 


'©0,2 


O0, 3 


00,3 
00,4 
0074 
00,5 


00,5 


00,6 
00,6 
OO,7 
O07 
00,8 
00,8 


©0,9 


00,9 
O1,0 
O1,0 
OI,I 
OI,1 
O1,2 
Lat. 


es 


7 43 Points 


W 9 


— 
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Lat. Dep. 


3 Degrees 


| 4 Degrees 


5 Degrees 


01,0 
02,0 
03,0 
04,0 
05,0 
06,0 
07,0 
08,0 
09,0 
I0,0 
11,0 
12, 


I 3,0 
14,0 
1.50 
16,0 
17,0 
18,0 
19,0 
20,0 
21,0 
22,0 
2 3,0 
24,0 
Dep. 


o, o 
00,1 
oO, 
oo, 2 
oo, 3 
00,3 


005.4 

00,4 

00,5 
00,5 
00,6 
00,6 
00,7 
00,7 
00,8 
oo, 8 
00,9 
©0,6 
01,0 
01,0 | 
O1,1 

OI,I 

01,2 
D153 

Lat. 


Lat. 
O 150 
02,0 
O 3,0 
04, o 
0.5, 
06,0 
©7,0 
©8,0 


09,0 
I 0,0 


| 11,0 


I 2,0 


I 3,0 
14,0 
I 5,0 
16, 
17,0 
17,9 


[ 
1 — 


18,9 


195,9 


20,9 
21,9 
22,9 


£39 


Dep. 


| Dep. 


OO, 1 
oo, 2 
00,3 
00,3 


00,4 
OO, 5 
00,6 
00,6 
00, 
o, 8 
00,9 
005,9 
01,0 
0150 
01,1 
01,2 
0153 


01,3 
01,4 
91.5 
915 
01,6 
OI,7 
Lat. 


oo, 1 


87 Degrees | 86 Degrees 


4 


Lat. 
0150 
025,0 
0350 


9450 


0.5, 
06, 
07,0 
o8, o 
09,0 
10,0 
I1,0 
I 2,0 


I 2,9 
1359 
1459 
1.5, 
16,9 
17,9 


vr nn 


18,9 
19,9 


20,9 


Dep. 


Dep. 


oO, 


00,2 | 


00,3 
OO, 3 
00,4. 
©0,5 
00,6 
00,7 
00,8 


00,9 
01,0 
OI,0 
01,1 
1,2 
01,3 
01,4. 


1,5 
01,6 


OI,7 


01,7 


0158 
01,9 


2,0 


O2, 
Lat. 


$5 Degrees 


Vid 


V Nw | ov w 0 11 


K 4 


— 
* 
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»* 


1 Degree | 2 Degrees 


Lat. | Dep. 


25,0 
26,0 
27,0 
28,0 
29,0 
30,0 
31,0 
32,0 
330 
34,0 


3550 
36,0 


37,0 


38,0 1 


39,0 


405,0 
41,0 
42,0 
35502 


4450 


450 


46,0 


47,0- 


48,0 


49,0 
50,0 


* „ * 


＋ Point 


N 2 —— 


00, 
00,5 
00,5 
005,5 
00,5 
00,5 


©0,5 
00,6 
00,6 
00,6 
00,6 
oo, 6 
00, 
00,7 
00,7 
OO,7 
00,7 
©O,7 


00,8 


oo, 8 
oo, 8 
oo, 8 
oo, 8 
00,8 
00,9 


005,9 


— 


Lat. 


Lat. 
2.5,0 
26,0 
27,0 
28,0 


30,0 
3150 


325,0 
33,0 


340 
3550 


| 36,0 


3790 


38,1 


390 
4059 
41,0 
42,0 


| 4355 


440 
4550 
46,0 
4750 


48,0 


49,0 
50,0 


0152 


01,3 


P78: 


Dep. 
00,9 
00,9 
00,9 
O1,0 
OI,0 
01,1 
01,1 
01,1 


01,2 
01,2 


01,3 
01,3 


0154 


1,4 
D154 
OI,5 


9155 
01,6 
01,6 
01,6 
01% 


OI,7 


Lat. 


2.5,0 
26,0 
27,0 
25,0 
29,0 


30,0 


3150 
3159 
3259 
335 
349 


36,9 


3779 


38,9 
39,9 
40,9 
41,9] 


4 


43,9 


449 
455 
46,9 
475 
48,9 


49,9 


Dep. 
1,2 
O153 
D153 
O154 
O154 


D155 


81.5 
01,6 


0156 


01,7 
01,7 
0158 
015,8 
01,9 
02, 
02,0 
O2, 
51 
4.2 
02,2 
02,2 
9253 
9273 


0254 
02,4. 
Lat. 


Dep. | Lat. 
| 89 Degrees 


Dep. | 


Lat. | Dep. 
$8 Degrees 


7 + Point 


— 2» — 


Latitude and Departure. 


ꝶ6ꝙ— 


3 Degrees 


4 Degrees 


5 Degrees 


Lat. 
2550 
26,0 
27,0 
28,0 
29,0 


3150 
3159 
3259 
3359 
3459 
355 
36,9 
3759 
38,9 
39,9 
40,9 
41,9 
42,0 
43,9 


| 449 


4559 
46,9 
479 
48,9 
4959 


— — 


Dep. 


0153 
0154 


OI,5 


01,6 


O155 ; 


þ L at, 


24,9 
25,9 
26,9 
27,9 
28,9 


29,9 


01,6 
01, 
O91 
01,8 
0158 
O15 9 
0159 
02,0 
02,0 
O2,1 
0251 
982 
02,2 
8 


02,4 
02,4 
0255 
02,5 
0256 
0256 


Dep. 


| Lat. 


30,9 
3159 
3259 
3379 
349 
35399 
36,9 
3759 
38,9 
39,9 
40,9 
41,9 


43,9 
44,9 
455 
46,9 
4759 
48,9 
49,9 


4 


Dep. 


Lat; 


Dep. 


01,8 
0159 
02,0 
02,0 
02,1 
02,2 
02,2 
0233 
0254 
02,4 
02,5 
02,6 
O2,7 
| 02,7 
02,8 
025,9 
02,9 


O351 
0351 
O3,2 
03573 
03,4 
03,4 
034.5 


017 


03,0 


Dev. 


24,9 
2.599 
26,9 
27,9 
28,9 


20,9 | 


30,9 
31,9 
32,9 
3359 


3459 


3559 


36,9 


3779 
38,9 


49,5 


Tat Dep. 


02,2 
02,3 
02,4 
02,4 
02,5 
02,6 
02,7 


02,5 | 


0259 
0 3,0 
0351 
03,1 
03,2 
0333 


O 334 | 


O 395 


8 | 03,6 


03,7 


$ | 03,8 
03,8 
8 | 03,9 


04,0 
045,1 
04,2 
043 


04,4 | 


Lat. 


87 Degrees. | do Degrees | 85 Degrees 
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1 Degree 


Lat. 

51,0 
52,0 
33750 
34,0 
3570 


65655 


750 


58,0 
39,0 
60,0 
61,0 
62,0 
63,0 


64,0 


65,0 


66, o 


67,0 


68,0 


69,0 


| 7 0,0 


71,0 
7250 
73,0 

7 440 


Dep. 


Dep. 


OC,9 


O05, 9 N 


oo, 
oo, 


] 01,0 


01, 
01,0 
0150 
01,0 
01,0 


0151 


01,1 


01,1 


01.1 
01,1 
01,1 
01,2 
0152 
8 
01.2 


1,2 


1,3 | 
01,3 


Lat. 


Li. 


3150 
52,0 
3350 
3950 
5550 
56,0 
5750 
58,0 
39,0 
60,0 


61,0 


62,0 
63,0 
64,0 
65,0 
66,0 
67,0 
68, 68,9, 
68,9 8,9 


69,9 
70,9 
71,9 
7 2,0 
73,9 


Dep. Lat. 


01,8 
0158 


0158 


D159 
O1 59 
O2,0 
©2,0 
02,0 
02,1 
02,1 
02,1 


O22 
0252 
023,77: 


O253 
0253 
02,3 


02,4 


02,4 
02,4 
O2,5 
©02,5 


02,5 
02,6 


Dep. Tat. 


| 2 Degrecs | 3 Point 


50,9 
3159 
3259 


3359 


3459 
3599 


70,9 
71,9 
72,9 
73,9 


Dep. 


Dep. 


02,5 
02,5 
02,6 
02,6 
02,7 
02,7 
02,8 
02,5 


©02,9 | 
102,9 


O 3,0 


03,0 


03,1 
0351 
O3J,2 


10352 


0333 


67,9 | 03,3 


03,4 
03,4 
Q 335 
03,5 
03,6 
03,6 
L. 


89 Degrees | 


dd Degrees | 7 4 Point | 


* 


— 


—_ —_ 


— 


Latitude and Departure. 


3 


Tat. 


505,9 
31,9 
32,9 
337 

549 


56,9 
57,9 
558,9 
39,9 
60,9 
| 61,9 
| 62,9 
| 63,9 
64,9 


65,9 | 
66,9 


69,9 
79,9 


7 3»9 
Dep. 


3 De Degrees | 


Dep. 


1 3579 


67,910 
| 68,9 | 


71,9 | 
725,9 


02,7 


02,7 
02,8 


0258 


0279 


025,9 
03,0 
03,0 
0351 


53,1 


0352 
2323 


03,3 


03,4] 


03,4 
0335 
© 335 


4 Degrees 5 Degrees | 


Lat. 


50579 
3159 
5259 


Dep. 
03,6 
03,6 


93, 
03,8 


| 03,8 
03,9 


04,0 
0451 


8 | 04,1 
S | 04,2 


04,3 
©4,3 


Lat: 


50,5 


51,8 


3258 


53758 


5478 


56,8 


5758 
58, 
59,8 

60,8 
61 3 


04,4 
04,5 
0455 
04,6 
0457 
0478 


| 04,8 


04,9 
05,0 
05550 
O51 


8 | 05,2 
Lat. 


6258 


63,8 


64,7 


65,7 | 
66,7 


67,7 


68,7 


69,7 
7057 
7157 
7277 
737 


Dep. 


87 Degrees 86 Degrees | 


85 Degrees | 


—— 


— 


— — 


140 A Table of Difference of 


| 1 Degree 


2 Degrees 


+ Point 


[Lat. 


750 
76,0 
770 
78,0 
7 9,0 
80,0 
81,0 
82,0 
83,0 
84,0 
85,0 
86,0 


87,0 


88,0 | 


89,0 
90,0 


9150 


92,0 
9350 


9450 
9350 
96,0 
97,0 
98,0 


99,0 


too, o 


Dep. 


Dep. 
01,3 
O153 
1,3 
01,4 
O1,4 


01,4 


5754 
15,4 
O1,4 
O1, 5 
O15 5 


01,5 


9155 
01,5 
01, 5 
01,6 
015,6 
01,6 
01,6 
01,6 
0156 
01,7 
01,7 
1,7 
01 
01 


Lat. 


3 


Tat. 


7459 
7359 
7659 
7779 
7 8,9 
7 9,9 


80,9 


81,9 
82,9 
83,9 
84,9 


85,9 


86,9 
87,9 
88,9 
89,9 
90,9 
91,9 


Dep. 


02,6 
02,7 
02,7 
02, 
O25, 8 
02,8 
02,8 
o, 
02,9 
02,9 


03,0 


03,0 
03,0 
O3,I 
O3,1I 
0351 


0 3, 2 


0 3, 2 


03,2 


— — 


Lat. 


— ea, 


7479 
75 
76,9 
77,9 
7 8,9 
79,9 


81 9 
B2,9 
83,9 
84,9 


87,9 
88, 9 
89,9 
90,9 
91,9 


80, 9 


85, 
86,9 


> 


93,9 
94,9 
93,9 
96,9 
979 
98,9 
99,9 


Dep. 


©0333 
03,3 
03,4 
03,4. 
03,4 
03,5 
03,5 


——— 


Lat. 


93,9 
94,9 
9599 
96,9 
97,9 
98, 9 
9979 
Dep. 


Dep. 


0357 
03,7 
03,8 
03,8 
03,9 


035,9 
O45, 
0450 


O4, 1 
o4, 1 
04, 2 


04,2 


04,3 
04,3 
04,4 


04, 


04,5 
04,5 
04,6 
04,6 


04,7 


0457 
04, 8 
04,8 


04,9 
04,9 


——— 


Lat. 2 ; 


89 Degrees 


88 Degrees 


3 
7 I 


Point 


— 


a ů 


Latitude and Departure. 141 


7459 
7579 
7659 
7759 
78,9 


797 


JZ Degrees 


Lat.] Dep. 


9859 
04,0 
04,0 
04,1 
04,2 
©4,2 
04,2 
04,3 
04,4 
0434 
0455 


0435 


4 Degrees 


| Lat. 


5 Degrees 


Dep. 


747,8 


05,2 


8] 05,3 


0534 
0595 
©3555 


8 | 05,6 


Lat. 


7457 
755% 
76,7 
7757 
78,7 
7 9,7 


Dep. 
06,6 
06,6 
06,7 
06,8 
06,9 


07,0 


055% 
0557 
0.558 
0559 


05,9 
06,0 


80,7 
81,7 
82,7 
83,7 
84,7 
85,7 


04,6 
04,6 


©0437 | 


047 
045,8 
0458 


4 04,9 


04,9 


10550 


0.5, 


05,1 
0551 


0.5,2 
85,2 


p. | Lat. 


Dep. 


8 06,1 


06,2 
06,2 
06,3 
06,4 
06,4 


06,5 
06,6 


$ | 06,6 


06,7 
06,8 
06,9 


8 | 06,9 


Lat. 


86,7 
87,7 
88,7 
89,7 
90,7 


91,6 
92,6 


93,0 
946 
05z 

96,6 
97,6 
98,6 
99,6 


O7,1 
O7,2 
07,3 
073 
0754 
O75 
07,6 
O77 
07,8 
9759 
08,0 
O8,0 
08,1 


08,2 
08,3 
08,4 
08, 5 
08,6 
08,7 
08,7 


Dep. 


Lat. 


] $7 Degrees 


86 Degrees 


8.5 Degrees 


* 


* 


142 A Table / Difference of 


© Ae » = | YC 


Lat. 


+ Point 
Dep. 


| 6 Degrees | 


7 Degrees 


Lat. 


Dep. 


Lat. 


Dep. 


01,0 
02, 


03,0 
04,0 
O,, o 
06,0 


08,0 
O 9,0 
09. 
10,9 


11,9 


I 2,9 
I 3,9 
14,9 
I 5,9 
16,9 


3 


0750 


OO,I 
OO, 2 
OO, 3 
05.4 
00, 5 


00,6 


00,7 
00,8 


oo, 


01,0 


812 


O153 
D154 


0155 


01,6 


01,7 
01,8 


O1, 
02,0 
© 3,0 
04,0 
278 
06,0 


07,0 
08,0 
08,9 
0959 
10,9 


11,9 


12,9 
I 3,9 
14,9 
15,9 
16,9 
17,9 


01,9 
02,0 


22,1 


02, 2 
02,2 
02,3 


18,9 


Lat. | 


OO,1 
00,2 


00,3 


005,4 
O0, 5 
00,6 
00,7 
00,5 
00,9 


01,0 


01,1 
942 


D154 
D155 
01,6 
OI,7 
0158 

0159 
O25, 
02,1 

02,2 
©2,3 
02,4 
0255 


01,0 


03,0 
04,0 


06,0 


06,9 


0759 
08,9 
0959 


1059 


11,9 


02,0. 


05,0 


OO, 1 
©O,2 
00,4 


00,5 
00,6 


00,7 


00,8 


01,0 


0151 
01,2 
01,3 
D155 


1259 
I 3,9 
14,9 
1559 
16,9 


I 9,8 
20,8 
21,8 
22,5 
23,8 


Lat. 


Dep. 


01,6 
01,7 
01,8 


01, 
025,1 


B22 - 


i 79 
18,9 


883 

02,4 
02,6 
82257 
025,8 
02,9 


Lat. 


7 Point $4 Degrees $5 Degrees 


— 


Latitude and Departure. 


143 


S Degrees 
Dep. 


Lat. 


O1 59 
0259 
0379 
04,9 
04,9 
0.599 


| 06,9 


O7,9 
08,9 
8 


10,9 


1159 


12,9 
13,9 
14,8 
1.5, 8 
16,8 
17,5 


OO, 1 
00,3 
00,4 
00,6 
00, 
00,8 
01, 
OI,I 
OI,2 
0154 
01,5 
OI,7 


+ Point 


"7 at; 


Dep. 


Degrees 
Dep. 


— — 


Lat; 


01, 
02,0 
o 3, 


04,9 
857 


| 1$8 


1 9,8 
20,8 
21,8 
22,5 
2378 


01,8 


01,9 
O2,1 


02,2 


02,4 


02,5 


02,6 
02,8 
02,9 
03,1 
03,2 
9353 


06,9 


07,9 
08,9 
09,9 


1059 


11,9 


125 
13,8 
I 4,5 
1.5, 8 
16,8 
17,8 


18,8 


19,8 
20,8 
21,8 
22,7 
237 


00,1 


00573 


00,4 


00,6 
00,7 
00.9 
01,0 
01,2 
01,3 


01,5 
01,6 


01,8 


I 


02,1 
02,2 
02,3 
02,5 
02,6 
02,8 
02,9 
03,1 
03,2 


03,4] 


822 


O1,0 
02,0 
© 3,0 


03,9 


04,9 


| 0.549 


06,9 
07,9 
08,9 


09,9 


| 20,9 


11,9 


I 2,8 
13,8 
147,8 
15,8 
16,8 
17,8 


O0, 2 
00,3 
00,5 
00,6 
00.5 


00,9 


OI,I 


OI,2 
01.4 | 


01,6 
0} hy 


0119 


02,0 
02,2 
02,3 
02,5 
02,7 
02,8 


D . © * VC 


IO 


18,8 


19,7 
20% 


21,7 
2% 


23.7 


0350 


03,1 
03,3 


| 0344 


03,6 
03.8 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


| $2 Degrees 


7 + Points 


di Degrees 


— 


144 A Table of Difference of 


+ Point 


6 Degrees | 7 Degrees 


| Lat. 


Dep. 


24-9 
25.9 


44.8 


26.9 
27. 9 
28. 9 
29.8 
30. 
31.8 
32.8 


33.8 
34.8 
3.5.8 
36.8 
37-8 
38.8 
39.8 
40.8 
41.8 
42.8 
43-5 


45.8 
46.8 


47-5 


l 48.8 


49.8 


O2. 4 
02.5 
02:6 
02.7 
02.8 
02.9 
03.0 
03.1 
03.2 
03.3 
03.4 
03.5 
03.6 
03.7 
03.8 
03.9 
04.0 
04.1 
04.2 
04. 3 
04.4 
04.5 
04.6 
04.7 
04.8 
04.9 


Lat. 


24.9 
25-9 
26.9 
27.8 
28.8 
29.8 
30.8 
3 1 8 
32.8 
3348 
34-8 
35-8 
36.8 
37.8 
38.8 
39-5 
40.8 
41.8 


43.7 
44.7 
45.7 
46.7 
47-7 
48.7 
49.7 


Dep. | Lat. 


42.8 | 


Dep. 
02.6 
02.7 
02:8 
02.9 
03.0 
03.1 
03.2 
03.3 
03.4 
03.5 
03.7 
03.8 
03.9 
04.0 
04. 
04.2 
04.3 
04.4 
04.5 
04.6 
04.7 
04.8 
04.9 
05.0 
O5.1 
05. 2 


Dep. 


Lat. 


Lat. 
24.8 
25.8 
26.8 
27.8 
28.8 
29.8 


Dep. 
03.0 
03.2 
0343 
03.4 
03.5 
0347 


— — CER 


40.5 


30.3 
31.8 
32.7 
33.7 
34.7 
33.7 
36.7 
37.7 
38.7 
39-7 


41.7 
42.7 
43.7 
44.7 
45.7 
46.6 
47.6 
48.6 
49.6 


03.8 
03.9 
O4. O 
4.1 
04.3 

04.4 
04.5 
04.6 
04.8 
04.9 
05.0 
O5.1 
05.2 


05.4 


0545 
05.6 
05-7 
e 
06. | 
06.1 


12 


Dep. 


Lat. 


7 + Point 


$4 Degrees | 


$3 Degrees 


Latitude and Departure. 


145 


* ——— 


_8 Degrees 


Point '| 9 Degrees 


Lat. 


2458 
2557 
2657 


277 


28,7 
29,7 


307 
31,7 
3237 
3357 


Dep. 


0355 


0356 
0337 
03,9 
04,0 
04,2 


04,3 


04,4 
04,6 


04,7 


0459 


6105, 


0.5, 1 
05,3 


6 | 0554 


Tar. 


247 
2557 
26,7 
277 
28,7 


29,7 
30,7 | 


31,6 


| Dep. 


Lat. 


Dep. 


0357 
8358 


04,1 
04,2 
04,4 
0435 
04,7 


6 04,8. 


05,0 


6 | 05,1 
6] 05,3 


D554 


6 o, 6 
6 | 05,7 


05,9 
06,0 
06,2 


* 06, 3 
N 06,5 


06,6 
06,7 
06,9 
O7,0 
O7,2 
07,3 


04,0 


247 
2557 
26, 
27,6 
28,6 
29,6 
35,6 
31,6 
32,6 
33,6 
34,6 
3555 


03,9 
04,1 


045,2 


©4,4 | 


0455 
04,7 
04,9 
05,0 
05,2 
0553 
0.535 
05,6 


Dep. 


= Lat. 


36,5 


3755 


38,5 


3935 
40,5 
41,5 
4253. 
4355 
444 
4554 
46,4 


47,4 


48,4 
49,4 
Dep. 


05,8 


06,0 
06,1 


06, 3 


06,4 
06,6 
06,7 
06,9 
O7,0 
07,2 
07,3 


0755 


975% 


07,8 


Lat. 


82 Degrees. 74 Points 181 Degrees 


- 


— 


L 


. 
. . 8 6 U — — ih - — — 
os \ , — — x * 3 


- 


446 Table of Difference of 


Degrees 7 Degrees 


. | Lat. | Dep. 


50,7 
51,7 
5257 


| 5457 
5557 


56,7 
5757 
58,7 
59,7 


0553 
0554 
0555 
05,6 
O57 
05,8 
06,0 
06,1 
06,2 


06,3 


06,46 


06,5 


06,7 


06,9 6. 


©7,0 
O7,1 


10% 


0773 
07,4 


nnn ... 


Lat. 

50,6 
51,6 
3 2,6 


53,6 | 


54,6 
55,6 


56,6 


3 ,6 
58,6 


5955 
, 


61,5 


06,6 | 62,5 


63,5 
[06,8 | 6 


+5 


O75 |: 
07, 
2 6 22 
Dep. Lat. 

84 Degrees 1 


Dep. | 
7 + D W ! 


83 Degree 


nʃn,a;,;ä , . 


_ 


Latitude and Departure. 147 


3 


8 De 


Lat. 


50575 
3158 


5255 
53755 
343 


56,4 
5754 
58,4 
39,4 
60,4 


Dep. 


rees | + P 


— — — 


Dep. 


oint 


19 Degrees 


Lat. 


0751 
07, 
07,4 
075 
07,6 


07,8 


07,9 
08,1 
08,2 
08,3 


O8,5 
08,6 


08,8 


08,9 
O9,1 
09,2 


09,3 6 
ONS 1.2229 


09,6 


5054 


31,4 


52„ 
53,4 
544 
5554 


56,4 


3774 
58,4 
3953 


60,3 


61,3 


Dep. 


Dep. 


0755 
07,6 
07,8 


07,9 


08,1 
08,2 


Lat. 


56,3 


Lat. 
3054 
514 
3253 
3373 
3453 
| 3.553 


Dep. 


82 Degrees| 7 4 Points 


81 Degrees 


1. 


148 A Table of Difference of 


6 Degrees 


— 


7 Degrees 


Lat. | Dep. 


Lat. 


7474 


754 


76,4 
7754 
78,4 


79,4 | 


80,4 


1,4 
$2,4 


Dep. 
09,1 
09,3 
09,4 


09,5 


09,6 
0 9,5 


9 
10,0 
10,1 
10,2 
10,3 
10,4 


110% 


10,7 
1059 


11,1 
11,2 


1153 


11,5 
11,6 
2%, 
11,8 
12, 
1251 
12,2 


Dep. 


Lat. 


84 Degrees 


83 Degrees 


Latitude and Departure, 149 


8 Degrees | + Point | 9 Degrees | © 
Tat. | Dep. | Lat. | Dep. | Lat. | Dep. 75 
7443 [19,4 | 7442 | 11,0] 74 | I1,7 | 75 
7 353 10,6 75,2 |11,1] 75,1] 11,0] 76 
76,2 | 10,7 |76,2|11,3| 76,0] 12,0 | 77 
775210, 977,1 11,477,012, 278 
78,211,078, 111,678, 0 12,479 
7% [II, 12% [11,7 [290 12,5 80 
80, 211,3 80, 111,9 80,012,781 
81,211,481, 112,0 81,012,882 

82,2 11,5 82,112,282, 0 13,083 

83,217,783, 112,3 83,0 13,184 
84,2 11,8 84,112, 83,913,385 
8212,08, 12,6 845915486 

86,1 | 12,1 | 86,012,885, 9 13,6 | 87 
87,212, 8, 012,9 86,9] 13,8 | $8 
88,1 | 12,4 | 88,0 | 13,1| 57,9] 13,9] 89 
89,1 |12,5| 89,0 13,2 58,9] 14,1 | go 
90,1 | 12,7 90,0 | 13,4 | 89,9] 1442 | g1 
91,1 |12,8| 91,0 [13,5 | 90,9 14,4 | 92 
92,1 [12,9] 92,0 [13,6 91,814,593 
93,1 | 13,1 | 93,0 | 13,8 92,5 I4,7 1 94 

94,1 | 13,2] 94,0 13,9 9358 145,995 
951 13, S, 14, 19081, 96 

96,0 13,5 914,298 | 1.5,2 | 97 

97,0 | 13,6 | 96,9| 14,4 | 96,8 | 15,3] 98 
98,0[13,8| 97,9| 145 | 9753 | 1555] 99 

99,0 | 13,9| 98,9 | 14,7 | 95,5 I 536 | 100 
Dep. | Lat. | Dep. | Lat. | Dep. | Lat. 
82 Degrees | 7 + Points | $1 Degrees 


L 3 


% A Table of Difference of 


10 Degrees 


E 


11 Degrees 1 Point 


W n +> Vw. b = | ICT 


10 


Lat. 


01,0 
02,0 
02,9 
0339 
04,9 


Dep. 


Dep. 


00,2 
oo, 3 


00,7 
00%, 9 


215 
01,2 
01,4 
27 
017 
01, 
ö 0251 


02,3 


02,4 | 
8102,61 
02,8 
02594 1 
89351 


0343 


103,5 
03,6 
03,8 
] 04,0 | 2: 
| 9442 


Lat. 


Lat. 
0150 
02, 0 


Dep. 


Dep. 
00,2 
00,4 


00,8 
00,9 


01,1 


O153 
01,5 


015,9 


O25 1 
O253 


82575 
02,7 
02, 9 
035,0 


03,2 
0 3,4 


356 
0358 
4, o 
452 
610454 
O4, 6 


Lat. 


1257 


Lat. 
O1,0 
02,0 
©2,0 
03,9 
04,9 
239 
06,9 

07,8 
08,8 
| 09,5 
10,8 

11 8 


1357 
1457 
155, 
16,7 
17 
18,5 
I 9,6 
m 
21,6 
22,6 
2355 


Dep. | 


Dep. 
00,2 
00,4 
00,6 
oo, 8 
01,0 


01,2 


O1,4 
01,6 
01,8 
0159 
D251 


O253 


0255 


0257 


02,9 
©3z1 
29353 
03,6 
0357 
03,9 
04,1 
0453 
©4453 
04,7 
Lat. 


80 > Degrees | 7 79 185 


oy Points 


Latitude and Departure. 151 


9 


12 Degrees 


13 Degrees 


14 Degrees 


Lat. 


— 


01,0 
02,0 
02,9 
03,9 
04,9 
05,9 
06,8 
| 07,6 
| 08,8 
09,8 
10,5 
11,7 
. 1237 
I 3,7 
I 4,7 
15,6 
16,6 
17,6 
18,6 
| 19,6 
20,5 
| 21,5 
22,5 
23534 


Dep. 
00,2 
00,4 
00,6 


00,8 
015,0 


01,2 


Dep. 


| O155 


0157 


10159 


025,1 
02,3 


02,5 


02,7 
02,9 
O351 
03,3 
03,5 


O37 


03,9 
04,2 
04,4 
0.4,6 
045,8 
05,0 
Lat. 


Tat” 


O1,0 
01,9 
02,9 


03,9 


04,9 
05,5 


06,8 
07,8 
08,8 
0957 
10,7 
1 
12,7 
I 3,0 
14,6 
1.5% 


16,6 


1275 


18,5 


I 9,5 
20,5 
21,4 
22,4 
2 334 
Dep. 


Dep. 


00,2 
00,4 
00% 
00,9 
O1,1 
S153 
01,6 
0158 
02,0 
042 
0255 


02,7 


02,9 
03,1 
O 334 
03,6 
03,8 


04,0 


04,2 
0455 
04,7 
04,9 
05,2 
054 


| Lat. 


0150 
01,9 
02,9 
03,9 
04,5 
05,8 
06,8 
07,8 
08,7 
09,7 
10,7 
11,6 


12,6 


13,6 


1455 
1555 
16,5 
1225 
18,4 
I 9,4 


2054 


21,3 
298 
2323 
Dep. 


Lat. | 


Dep. | * 


00,2 
00,5 
00, 
01,0 
01,2 


01,4 


0157 
0159 
O2,2 
02,4 
O2,7 


02,9 
03,1 
O 3,4 
0 3,0 


O 3,9 


04,1 
04,4 
04,0 
0458 


05,1 


0.543 
05,0 


0 5,8 


LL. 


| 78 Degrees 


| 77 Degrees 


L 4 


| 76 Degrees 


152 


A Table of Difference of 


Lat. 


1 Nedert 


] Dep. 


943 
04.5 
04,7 
05.9 
05. 
05. 2 


0.5.4 
05.5 
05. Z 
0349 | 
06. 1 
06.2 


06.4 
406. 


06.8 
06.9 
O7.1 
07.3 
2 
07.7 
07.8 
058.0 
08.1 


3 08.3 


08. 5 
08.7 


Dep. 


Lt. 


11 Degrees |. 1 Point 


— — 


Lat. 


245 
25-5 
26,5 
29,5 
28.5 
29:4 


Dep. 


Lat. 


04. 8 
05. 
05.1 
0343 
95:5 
05.7 


24-5 
23.5 
26.5 


275 


28.4 


29.4 


30.4 


32.4 
33.4 
34.4 


8125 
36.3 
37.3 


38.3 
393 
40.2 


41.2 
42.2 
43-2 
44.2 
4.2 
46.1 
47-1 
48.1 


49-1 


31.4 * 


08.2 


05. 
06.1 
06.3 
06. 5 
06,7 
06.9 
* 
07.2 
07.4 
07.6 
07.8 
08.0 


08.4 
08.6 
08.8 
09.0 
09.2 
09.3 
09.5. 


Dep. 


30.4 
31.4 
32.4 
33+3 
34.3 
35.3 
36.3 
37+3 
38.2 
39.2 
40.2 
41.2 


42.2 
43-1 


44-1 
45-1 
46.1 
47.1 
48.1 
49.0 


Lat. | Dep. 


| Dep. 


04. 9 
055.1 
05.3 
05.5 
Dey. 
05. 8 
06.0 | 
06.2 | 
06.4 
06.6 
06.8 
07.0 
07.2 
07.4 
07.6 
07.8 
08.0 
08.2 
08.4 


08.6 


08.8 


09.0 
00.2 
09.4 


09.6 
09.8 
Lat. 


| So Degrecs [7 


7 9 Degrees | 


5 Point 


1 


Latitude and Departure. 153 


Ne a ee dh 


Lat. 
25554 
26,4 


06, 9 


0779 


08, 1 


12 Degrees | 13 Degrees 14 Degrees 


Dep. 
05,2 
O 3534 
05,6 
05,8 
06,0 
06,2 
06,4 
06,6 


O7,L 
07,3 
07,5 


O77. 


08,3 
08,5 


08,7 
08,9 


09,1 
0 54 
09,6 
09,8 
I 0,0 
10,2 
10,4 


Lat. 


Lat. 


2453 


273 


26,3 
2753 


2 


29,2 


30,2 
3152 


3251 
3351 
3441 
351 


3 6,0 


3770 


38,0 
WHO 


Dep. 


Dep. 
05,6 
05,5 


06,1 


06,3 


06,5 
06,7 
O7,0 
07,2 
074. 
07,6 
07,9 
08,1 
08,3 
08,5 


08,8 


950 


09,2 
09,4 
09,7 


09,9 


10,1 
10, 3 


10,8 


1150 


11,2 


Lat. 
2453 


2552 
26,2 


27,2 


'28,1 
2951 


30,1 


3150 
3250 


3350 


34,0 
34,9 


3559 


36,9 
3758 
38,8 
39,8 
4057 


41,7 


42,7 
4357 
4476 
4556 
46,6 
4755 


48,5 


Lat. 


Dep. 


Dep. 


06,0 


06,3 


| 06,5 


06, 

07,0 
07,3 
0755 
O77 
O8,0 
08,2 
08,5 
08, 7 


09,0 


00,2 | 


09,4 
© 9,7 
09,9 


10,2 


10, 


10,6 
11,0 
1154 
1156 


1159 


1.2.4 
Lat. 


77 Degrecs | 76 Degrees 


—— 


154 Table 7 Difference 1 


**... 


, 
Ll 
, 
| 
! 


** 


— 


8 . 10 | Degrees| 
. 
Fr 
i ay 


53 


1 


60 59.1 | 


Lat. 


62.0 


168.9] 
[169.9 


| .55-I | Og 


50.2 
51:24 
52.2 5 
33-2] 
54-2] 


56.1 | 


571 
38.1 


60.1 


63.0 
64.0 
65.01 
66.0] 17. 
67.0 II. 
68.0 


3 
71.9 | 2. 
22.9 


11D 


30.1 


51.0 
52.0 
53.0 
5 | 54-0 


9.940 


70.7 
71.7 
72.6 


Dep. 


. | Dep. 


rees 


a 


> | 80 > Degrees 


| 


I Point : 


Eat] 


$2.0 


3 Ze 9 


— — — 


Lat. 


79 Degrees 


7 Points 


——1—— 


— 


Latitude aud Departure. 155 


12 Degrees 1 3 Degrees | 14 Degrees 
Dep. 


* 


Lat. 


49.9 
30.9 
51.8 
32.8 
| $38 
84.8 

55S 
36. 
57˙7 
58.7 
327 
60.6 


10.6 


1 o. 8 


11.0 


E122 


11.4 
11.6 
11.8 
12.1 
12.3 


12.5 


I 2.7 


12.9| 


Lat. 


49-7 
30.7 
51.6 
52.6 
53.6 


54.6 


55-5 
56.5 
57-5 
58.5 
59-4 
60.4. 


Dep. 


Lat. 


Dep. 


11.5 
117 
11. 9 


12.1 
12.4 


12.6 


12.8 


I 3.0 
13.3 
13.5 
13.7 
I 3.9 


49-5 
50.5 
$1.4 
$24 
3 3-4 
+3 
33-3 
56.3 
57. 
58.2 


39.2 
60.2 


12.3 
1 2. 6 
12. 8 
13.1 
13.3 
13.5 
13.8 
14.0 
14.3 
14.5 


1.5. 0 l 


61.6 
62.6 
63.6 
64.6 
65.5 
66.5 
67.5 
68.5 
69.4 
70. 4 

71.4 

72.4 


13.1 
133 
13.5 
I 3.7 


I 3.9 


14.1 
14.3 
I 4.5 
14.8 
I 5.0 
142 


15.4 


61.4 
62.3 
63.3 
64.3 
65.3 
66.2 


14.2 


14.4 


14.6 


14.8 


I 5.1 


15.3 


13.2 
183 
1.5 
16. 
16.2 


| 16.4 


67.2 
68.2 
69.2 
70.1 


71.1 
74.1 


147 
1.5.5 
16.0 
16.2 
I 6.4. 
16.7 


71.8 


16.76 


16.9 


17.2 


17.4 
817.6 


17. 9 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


| 78 Degrees 


77 Degrees 76 Degrees |; 


1.4.8 | 6: 


O |. 


156 A Table of Difference of 5 


111 


| | 10 Degrees 


11 Degrees | 


1 Point 


Lat. 


Dep. 


Lat. 


Dep. 


Ezat. 


Dep. 


73.9 
74.8 
75.8 
76.8 | 


77.8 

78.8 
79.8 
80. 8 
81.7 


13.9 


714.6 
14.8 


| | I 4.9 
J | 15.3 
115.5 


.6]16.0 
| 16.1 


16.5 
16.8 


I 3.0 
I 3.2 
13.4 
13.5 
13.7 


73.6 
7 4-6 
75.6 
76.6 
77.5 
78.5 


14.1 
14.2 


14.4 


1.5. 1 


I 5.4 
1.5. 6 


— — 


7 9-5 
80. 5 
81. 5 
82.5 
83.4 
84.4 
8.5.4 
86.4 
87.4 
88.3 
89.3 
$0.3 
PE 3 


14.3 


14.5 
14-7 | 


14.9 


1.5. 1 


15.3 


15.5 
1.5.68 


I 5.8 
16.0 
16.2 


16.48 


— :P — 


16.6 
16.8 


17.0 
17.2 


17.4 
17.6 


17. 7 


16.3 
16.7 
17. o 


17.2 
17-4 


23 
4 
94-2 
95.2 
96.2 


97-2 
98.2 


Tat. 


Dep. 


17.9 
18.1 
18.3 
18.5 
18. 7 
18.9 
19.1 
Lat. 


90. 2 
91.2 


92.2 


93-2 
94.2 
95-1 
96.1 
97-1 
98.1 


Dep. 


| 1 4.6 


14.8 
1.5.0 


17.4 
17.6 
17.8 
17.9 
18.1 


1 8.3 | 
18.5 
18.7 


18.9 


I9.1 
19.3 
19.3 


Lat. ; 


A | So Degrees | 


7 9 Degrees | 


7 Points 


Latitude and Departure. 157 


— 


12 Degrees 


tat 


Dep. 


73.4 
74-3 
75.3 
76.3 
77.3 
78.2 


79.2 
80.2 


81.2 
82.2 
83.1 
84.1 
85.1 
86.1 
87.1 
88.0 
89.0 
90. o 
91.0 
91.9 
92.9 
93-9 
94-9 
x 
95.8 
97.8 
Dep. 


1.5. 6 
I 5.8 
I 6.0 


I6.2 
I 6.4. 


18.3 
18. 5 
18.7 
18.9 
19.1 
19.3 
19.5 
19.7 
20.0 
20.2 
20.4 
20.6 
20.8 


Lat. 


73.1 
74.0 
73.0 
76.0 
77.0 
77-9 
78.9 
7 9-9 
80.9 
$1.8 
$2.8 
83.8 
84.8 
$5.7 
86.7 
87.7 
88.7 
89.6 


13 Degrees 


Dep. 


| 14 Degrees 


Lat. 


Dep. 


16.9 
17.1 
17.3 
178 
17.8 
18.6 


18.2 


18.4 
18.7 
18.9 
19.1 
19.3 
I 9.6 
I 9.8 
20.0 
20.2 
20.5 
20.7 


20.9 


—— 


1.6 
<P; 
93.5 
94-5 
95-5 
96.5 
97.4 


90.6 


21.1 
21.4 
21.6 
21.8 
22.0 
22.3 
22.5 


72.8 
73.7 
74.7 
7 37 
76.6 
77.6 


78.6 
7.9.6 
80.5 
DW, 
82.5 
8 3.4. 
84.4 


18.1 
18.4 
18.6 
18.9 
I 9.1 
19.3 
19.4 
I 9.8 
20.1 
20.3 
20.6 
20.8 


21.0 
24.3 


A234 


21.8 


Lat. 


Dep. 


Lat. 


78 Degrees 


77 Degrees 


JP IS 


— 140 TERS: EA Le. 0 4g - v » »% 
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o= _ 1 
* 
4 
| | 
— 


| 31d 


A 2 wy 


— 


2 


— 
O'S O 


x 4 Point 


Lat. 


Dep. 


01, 


1,9 
102,9 


03,9 
04,8 
0.5 8 


— — 


06 8 


| 07,8 


08,7 
O 9,7 


110,7 


11,6 
12,6 
13,6 
I 4,5 
I 55.5 
16,5 


3 


00,2 
00,5 


00,7 | 


O1, 
01,2 


9125 


01,7 
01,9 
0252 


0254 


0258 


0259 
03,2 
03754 


03,6 
O4, 
41 
04,4 


18,4 


| 19,4 
120,4 
2153 
23 


2253 
2353 


Dep. 


— 


04,6 
04,9. 
05,1 
0.543 


05,6 A: 


05,8 


Lat; 


Dep. 


Dep. 


Tar. . 


6 2 Point | 


75 Degrees 


74 Degrees 


„* 


Latitude and Departure. 159 


17 Degrees 


Lat. 


Dep. 


Lat. 


18 Degrees 
Dep. 


01, 
601,9 
[02,9 
03,8 
19445 


0557 


00,3 
00,6 
00,9 
OI92 
0155 


01,7 


00,9 
0159 
02,8 
03,8 
04,8 


0557 


00, 3 
00,6 
00,9 
0172 


0155 
01,8 


———— — 


| 06,7 
| 07,6 
6 | 08,6 
| 09,6 
| 10,5 
11,5 


1254 
1354 
143 


6155, 3 
16, 3 


21772 


18,2 
19,1 
20,1 
21,0 
22,0 
22,9 


02,0 
02,3 
02,0 
02,9 
03,2 
055 


Cs e 


03,8 
04,1 
04,4 
04.7 


0.550 


0.573 


05,5 


05,8 


00,1 |: 


06,4 
06,7 


07,0 


Dep. 


Lat. 


06,7 
07,6 
08,6 
09,5 
10,5 
1154 


12, 


Dep. 


0252 


025.5 


0258 


03z1 
0344 


03,7 


W „„ W 4 id 


10 


04,0 
0413 
| 04,6 
| 0.49 
0.5 
05,6 


055 


06,2 
06,5 
06,8 
O71 
07.4 


Lat. 


6 < Points 


* 


73 Degrees 72 Degrees 


22 —— 


160 


A Table of Difference of 


1 + Points 


1 5 Degrees 


At 
24.2 
25.2 
26.2 
27.2 
28.1 


29.1 


Dep. 


Lat. 


06.0 


06.3 
06.6 
06.8 


07.0 


2.4.1 
25.1 
26.1 
27.0 
28.0 
29.0 


30.1 


31.0 
32.0 


07.3 


07.5 
O77 
O8. o 
08.3 


08.5 


08.7 


Dep. | 


09.0 


09.2 


8] 09.5 


09.7 
I 0.0 
10.2 
10.4 


— [ . 


10. 7 
10. 9 


6111.2 


11.4 


192,” 


11.9 


12.1 


Lat. 


33.8 
34.8 


38.9% 


29.9 
30.9 
31.9 
32.8 


36.7 
37.7 
38.6 


39.6 
40.6 


41.5 


42.5 
43.5 
44-4 
45.4 
46.4 
47.3 
48.3 


08.3 


23 


Dep. 
06.5 
06.7 
o. o 
07.2 
O7. 5 
07.8 
O8.0 


08. 5 
08.8 
09.0 


34-6 


Lat. 
24.0 
24.9 
2.869 i 
26.9 
27.8 
28.8 
29.8 
30.7 
31.7 
32.7 
33.6 


09.6 
09.8 
10.1 
10.3 
10.6 


10. 9 


11.1 


47-3 


35.6 
36.5 
37.5 
38.4 
39.4 
40.4 


129 


11.3 
11.6 
11. 9 


12.2 
12.4 


12.7 


Dep. 


Lat. 


42.3 
43.2 
442 
465.2 
46.1 


47.1 
48.1 


1 Degrees | 


Dep. 
06.9 
07.2 
07.4 
07.7 
08.0 
08.3 
o8. 
08.8 
O9.1 
09.4 
4 


44 


10.2 
10.5 
10. 7 


11.3 
11.6 


1 
12.1 
12.4 
12.7 


12.9 


43.2 
35 


I 3. 8 


Dep. 


Lat. 


6 + Points 75 Degrees 


T's Degrees 


. 


Latitude and Departure. 
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17 Degrees| 18 Degrees 


. | Lat. 


2359 
245 
25,8 


26,8 


2757 
28,7 


29,6 
30,6 


6 | 31,6 


32,5 
3355 


344 


3554 
36,3 
37,3 
38,2 
39,2 
40,2 


42 


42,1 
43,0 
4450 
449 
459 


| 46,9 
| 47,8 


. | Dep. 


Dep. 
0753 
07,6 
07759 
08,2 
08, 5 
08,8 
09,1 
0953 
09,6 
9959 
10,2 
10, 5 
10,8 
11 
11,4 
117 
12,0 
2 
12,6 
1259 
13,1 
1354 
I 3,7 
I 4,0 
1453 
14,6 


Lat. 


Far 


Dep. 


23,8 
24,7 
2557 
26,6 
27,6 
28,5 
29.5 
30,4 
3154 
3253 
3373 
34,2 
3.332 
36,1 
3751 
38,0 
39,0 
39,9 
40,9 


09,3 


O77 
o8, o 
08,3 
08,6 
09,0 


09,6 
10,0 
I 0,2 
10,5 
10,8 
11,1 


11,4 
11,7 
12,0 
125,4 
1257 
I 3,0 
1353 


41,8 
425,8 
4357 
4457 
45,6 
46,6 
47.5 


" 


Dep. 


I 3,6 


1359 


I 4,2 
I 455 
14,8 
1 
154 


Lat. 


73 Degrees. | 72 Degrees 


ces, 


9 


162 A Table of Difference of 


n 


— 


nt | 15 Degrees: 16 Degrees 
Lat. | Dep. | Lat. 


| 49,3 


50,2 


351 
157. 
1 531 
[54-1 


3551 


| 56,0 
3] 5750 
6| 58,0 


58, 9 


13,2 
1355 
13,7 
1 4,0 
I 4,2 
145 


I 4s 


I 5,0 
15,3 
15,5 
15,8 

3259] | 


49, 


4959 
30,9 
31,9 
3279 


5358 


60, 8 


61,8 


69,2 
| 7052 
| 71,1 | 20,4 
Dep. | Lat, oY Dep. | L 
175 N 74 85 


9 Lat. t. 


— 


Latitude and Departure. 
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r 


48,8 
49,7 
30,7 
3517 

52,6 
33) 
5455 
3359S 
3 6,5 | 
$74 
55,4 
3943 

| 60,3 

| | 2 

8 
5372 
Þ 


Dep. 


1 + Point 


Tate; 


I - Degrees 18 Degrees 


ep. 
14,8 
1551 

1553 


I 5,7 
I 6,0 


6 16,2 


16,5 
16,8 
17,1 
1754 
17, 
[18,0 
18,3 


18,6 


18,9 
1952 
1954 


20,0 


Lat. 


48,8 
49,7 
397 
51,6 


5256 
ADS: 


54,5 
5555 
56,4 
$574 
58,3 
59,3 


Dep. 


14,9 


I 5,2 
1555 


I 5,6 
I 6,1 


16,4 


16,7 
17,0 
17,2 
175,5 
17,8 
18,1 


60,2 


61,2 


62,2 


63,1 


192 (2992 


Dep. 


18,4 


I 8,7 
I 9,0 
I 9,3 


19,6 
1979 


20,2 
20,5 
20,5 
21,0 
21,3 
21,6 
Lat. 


Lat. 


48,5 
4954 


50,4 


31,3 
3253 
Z 393 


Dep. 


15,8 
16,1 
16,4 
16, 


17, 
E 


542 
3392 


Dep. 


17,6 
17,9 
18,2 
18,5 
18,8 


192 


2 
1 9,8 


20,1 


20,4 
20,7 | 


21,0 


21,3 


21,6 
21,9 


+4 
236 


22,975 
| Lat. 


7 3 be l 7 72 Degrees 


6 < Points | 


11 
* ” — 
« 


* 9 


M 2 
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I 5 Degrees 


16 Degrecs 


Lat. 


Dep. 


Lat. 


17 34 


Dep. | 


Dep. 


7 254 


7414 
75,3 
76,3 
773 


19,4 


19,7 
1959 
20,2 
20,4 


20,7 


7271 
7350 
740. 
750 
1 359 


2659 


78,2 
7 9,2 
80, 2 
8151 


2150 
24,8 
21,5 
1, 


or Figs 
2.2,0 


2255 


22,5 


22,5 | 


2350 
2353 


23,58 
23,888 


24,1 


2453 
24,6 
24,5 
25,1 


2594 | 
6 | 2.536 
2.599 


7739 
78,8 


Dep. 


20,7 


20,9 
21,2 


21,8 


22,0 


22,6 
22,9 
23,1 
2334 
2.37 


2.4,0 
24,2 
2455 

24,8 
414? 
2553 
25,6 
25,9 
26,2 


26,4 


26,7 
27,0 


27,3 
27,6 


Lat. | 


Lat. 


6+ 2 


7 5 Degrees 7 


74 Degrees 


n 


md 


1 * Point 


1 EP) 


Latitude and Departure. 165 


17 Degrees | 18 Degrees 


21,5 
295k 


225,3 


22,6 


2259 


2352 


2355 
23,8 


7245 
24,4 


* 


245% 


25,08 


3332 


2555 


2878 
26,1 


| 26,4 
26,7 


| 27,0 


2733 
27,6 
27,9 
28,2 
28,4. 


| 3 
29,0 
. 


Lat. 


Dep. 


Lat. 


| Dep. 


71,7 
7257 
73,6 
74,6 
7 355 


2159 


22,2 


225 
2.2.0 


23,1 


2374 


7153 
7253 
735⁵² 
7 42 
7551 


76,1, 


$2.7 


2355 
23,8 


251 


24,4 
2.47 


5— 


2337 
2.4,0 


245,3 


2455 
24,8 


255 


25,4 
2.537 
26,0 
26,3 


26,6 


26,9 


2222 


7 750 


—— 


25,0 
2.543 
25,6 


| 26,0 
8126, 3 


26,6 


26,9 
2752 
2755 
2758 
28,1 
28,4 
28,7 


27,5 
827,8 


28,1 
28,4 
28,6 
28,9 


295,2 


Dep. 


Lat. 


Dep. 


29,0 
29,3 
29,7 
30,0 
30,3 
30,6 
30,9 


Lat. 


3 Degrees 


7 2 Degrees 


M 3 


K — ———E——4—ä—ů— — —ä 


19 Degrees 


166 A Table of Difference of 


DD "—S 


11 Point | 20 Degrees 


© © O0 22 * md 


EAk. 


00,9 


OI,9 


02,8 
| 03,8 


04,7 
O57 


06,6 


07,6 
08, 5 
0955 
1054 
1153 


12,3 


1352 
14,2 
1851 
16,1 


17,0 


18,0 
18,9 
19,9 


20,8 


21,7 


22,7 


Dep. 


Dep. 


00,3, 
oO, 


01,0 
015,3 
01,6 


01,9 
02,3 
03,6 


O35 


03,6 
03,9 


04,2 
04,6 
04,9 


0552 
05,5 


D559 


06,1 
06, 5 
06,8 
07,2 


07,5 


07,8 
Lat. 


Lat. 


— eprom 


00,9 
o1,9 


02,8 


03,8 
0437 


05,6 


06,6 
0755 
08, 5 
09,4 
I 0,4 


IF,3 


I 2,2 


13,2 


14,1 
I 5,1 
16,0 
16,9 


17,9 
15,5 
19,8 
20,7 
21,7 


22,6 


Dep. 


Dep. 
00,3 
00,7 
©1,0 
01,3 
01, 
025,0 
02,4 
O2,7 
03,0 
03,4 
03, 
04,0 
04,4 
04,7 
0.5,1 
0554 
05% 
06,1 
06,4 
06,7 


897511 
074 


O77 
08,1 


Lat. 


00,9 
01,9 
0258 
03,8 


o/ 


05,5 


06,6 


O75 
08,5 
O54 
1 O53 


1153 


I 2,2 


I 3,2 


I 4,1 


I 5,0 


I 6,0 


16,9 


17,9 
18,8 
I 9,7 
20,7 
21,6 
22,5 


| Dep. 


O0, 3 
O0, 
0150 
01,4 
OI 57 
0250 


4 — 


| 02,4 
| O2,7 
03,1 
© 334 
0358 


045„ 
3 


04,4 
0458 
O5,1 
0.554 
05,8 
06,3 
06,5 
06,8 
O7,2 
O75 
07,9 


08,2 


Lat. 


Dep. 


La K. N 


71 Degrees 6 4 Points 


70 Degrees 


Latitnde and Departure. 167 


— 


21 Degrees 


| 


22 Degrees | 2 Points | 


01,9 
0258 
0337 | 
047. 
05, 
06,5, 
07,5. 
03,4 
09,3. 
10,3 
11,2 


Dep. 


00,9 co 
00,5, 


01,1 
O1,4 


02,5 


02,07 


03,2 
03,6 
0359 


10453 


O2, 


Lat. 


O059 


01,8 
| 02,8 


04,7 
05,6 


065,5 


06,5 


0754 


08,3 
O973 


18.2 


r 


„ Lat. ö 


Pep. 


12,1 
13,1 
14,0 
1459 
1559 


16,8 


0457 
05,0 


| 2.557 


05% 


06,1 
| 06,4 


I 2,0 
I 3,0 
1359 
14,8 
15,8 
16,7 


00,9 
01,8 
02,8 
035 
04,0 


| 0.54.5 


06,5 
0754 
08,3 


1052 


3 


12,0 
12,9 
13,9 
14,8 
155 
16,8 


00,4 


00,5 | 


01,1 
O15 
0159 


O23 


O2,7 


8351 


D374 
0 3,8 


N 
04,2 


04,6 


0.5, 
0.554 
0557 
06,1 
06,5 
06,8 


„ 4 


\Q WTR eee 0 -| 3d 


110 


1757 
E 
1 9,6 
20,5 
2155 
22,4 


06,8 
07,2 
075 


©7,9 


08,2 


08,6 


17,6 
1 8,5 
1858 
20,4 
2153 
22,2 


Dep. | 


Lat. 


Dep. 


Lat. | 


17,6 
18,5 
19,4 | 


2053 
4152 


223 


Dep. 


90753 
07,6 


08,0. 
| 08, 4 
08, 8 


O 9,2 


Lat. 


69 Degrees | 05 Degrees | "6 Points 


— 


M 4 


168 A Table of Difference of - 


* 


1 2 Point | 20 Degrees 
Lat. | Dep. | Lat. | Dep. 


23-5| 08.4 | 2.3.5 | 08.5 


19 Degrees | 
Lat. | Dep. 
23.6 | 08.1 


24.6 
25-5 
26.5 
27.4 
28.4 


"92 
30.3 


131.2 


32.1 


33-1 
ET 


o8.5 
08.8 
O9. 1 
09.4. 


09.8 


10.1 
10. 4 
10. 
11.1 
11.4 
150 


3.5.0 
35.9 
36.9 
37.8 
38.8 
39.7 
40.7 
41.6 
42.6 


6] 43-5 
44.4 


45.4 
46.3 
47-3 


12.1 
12.4 
12.6 
I 3.0 
I 3-3 


13.7 


14.0 
14.3 
14. 6 
I 5.0 
15:3 
I 5.6 
15. 9 
16.3 


Dep. 


Lat. 


24-5 
25.4 
26.4 


27.3 


28.2 


29.2 


30.1 


31.1 
32.0 
33-0 
33-9 
34-1 

35-4 
36.6 
37-0 

38.3 

39-7 

40.0 
41.4 
42.4 
43+3 

44-2 
45˙2 
46.1 

47-1 

Dep. 


08.8 
O9. 1 
09.4 
09.8 
10.1 
10.4 
10.8 
11.1 


11.3 
11.8 


12.1 


12.5 
I 2.8 


13. 
I 3.5 
I 3.8 
I 4.1 
14.5 


15. 5 


14. 8 
I 5.2 
I 5.8 
16.2 


16.5 
16.8 


Lat. 


24.4 
25.4 
26.3 
27.2 
28.2 


131.0 


29.1 


30.1 


31.9 
32.9 
33.8 


34.8 
35˙7 
36.6 
37.6 
38.5 
39.5 
40.4 
41.3 
42.3 
43+2 
44-2 
45.1 
46.0 
47.0 


08. 9 
09.2 
09.6 
09.9 
10. 3 
10.6 


10. 9 
11.3 
11.6 


I 2.0 
12.3 


12.6 
13.0 
13.3 
13.7 
I 4.0 
I 4.4 
14.7 
I 5.0 
I 5.4 
I 5.7 
I 6.1 
16.4 
16.8 


17.1 


Dep. 


Lat. 


70 Degrees 


71 Degrees | 6 + Point | 


1 


Latitude and Departure. 


169 


n 


21 Degrees | 22 Degrees 


I 2 Point 


Lat. 


2353 
2453 
2572 
265,1 
27,1 
28,0 
28,9 
29,9 
30,8 
31,7 

2,7. 
3356 


Dep. 


0950 
09,3 
O9,7 


I 0,0 
10,4 


10,7 


171 
1125 
11,8 
12,2 
125,5 
1259 


34,5 
IK 
36,4 
3753 
35,3 
3952 
4071 
41,1 
4.2,0 
4259 
43,9 
408 
4557 
46,7 
Dep. 


13,3 
13,6 
14,0 
1453 
I 4,7 
£61 
I 5,4 
I 5,8 
16,1 
165 
16,8 
I 7,2 
17,6 
17,9 


Lat. 


Lat. 
T2. 
24,1 
255,0 
26,0 


26,9 


| 27,5 


—— — — 


28,7 
29,7 


30,6 
31,5 
32,4 
33,4 
343 
3552 
36,2 
37,1 
38,0 
38,9 
39,9 


— — —1n 


40,8 
4157 


42,6 


43,6 
44,5 
4554 
46,4 


Dep. 


Dep. 


09,4 
O9,7 
10,1 
10,5 
10,9 
11,2 
I1,6 
12,0 
1254 
I 2,7 
13,1 
1355 
1359 
14,2 
14,6 
I 5,0 
1553 
I 5,7 


16,1 


1 
23,1 
24,0. 
245 
25,09 


26,8 
277 


28,6 


29,6 
30,5 
3154+ 
3253 
3.393 


$63 
3.551 
36,0 
36,9 
37,9 
38,8 
39,7 


— 


40,6 


41,6 
4255 


6 | 43,4 


4453 
4553 
46,2 
Dep. 


Dep 
09,6 
09,9 


10,3 
IO,7 
11,1 


115 


— u 


11,9 
12,2 
12,6 
13,0 
I 3,4 
13,8 


14,2 
1455 
1459 
1553 
NT 

185 
16,5 


16,8 


17 
17,6 
18,0 
18,4 
18,7 


19,1 


— Ü— — 


Lat. 


| 


68 Degrees | 6 Point | 


| 


69 Degrees 


r 


Table 7 Difference of 


19 Degrees I 


E 


wow! 
49.2 
50. 1 
511 


52.0 


2 


33.9 


1928] 
53.8 
56.7 


251. 


58.6 


59-6 
60. 5 
61.5 
62.4 
63.3] 


64.3 
65.2 


66.2 
67.1 
68.1 


Dep. 


15 23.8 


48.5 


9 A4 


49.9 
50. 


9151.8 


52.7 
53.7 
54.6 
555 


556. 5 


57-4 


Des: 


BP: 


3 2 Point | 


[Tat TD: p. L 


17.2 
17.5 
17.9 


8118.2 
18.5 


18.9 


19. 2 
EDN 
N 
20.2 


20. 5 
21.2 


321.6 


21.9 


122.2 


22.6 


229 
52 
9123.6 

23.5 


24.2 


24.9 
122% 


—_ 


20 Degrees 


— 


43 


Dep. 


50.7 
31.7 


47.9 
48.9 
49-5 


52.6 


53.6 
54.5 


37.3 
58.3 


55-4 
56.4 


17.4 


17.8 
18.1 
1 8. 5 
18.8 
1 9.2 
19.5 
19.8 
20.2 
20.5 
20.9 
21.2 


59.2 
2 1 
61.1 
62.0 
63.0 
63.9 
64.8 
65.8 
66.7 
67.7 
68.6 


| Dep. 


69.5 


TS 


21.9 
. ge 3 


22.6 
22.9 


23-3 


23.6 
23.9 
24.3 


24.6 


2.5.0 


25.3 


Tat. 


71 Pegrees 


6 2 + Points | 70 Degrees 1 


—— 


— 


— _G 


Latitude and Departure. 171 


21 Degrees 22 Bess | 
Lat. | Dep. Lat. Dep. 


2 Points 
Lat. | Dep.“ 


47-6 
48.5 
49-5 
50.4 
$1.3 


18.3 
1 8.6 
19.0 
19.3 
I 9.7 


| 20.1 


53.2 
54.1 
55. 1 
56.0 
36.9 


_ $749 


20.4. 
20.8 
21.1 


21.5 


21.9 


22.2 


47-3 
48.2 
49.1 
50.1 


51.0 


31.9 | 


52.8 


583.8 
54.7 
556 
56.5 
57-5 


19.1 
19.4 


19.8 
20.2 
20.6 
21.0 


21.3 
257 


22.1 
32:3 


| 22.8 
23.2 


58.8 


39-7 
60.7 
65.6 


22.6 


22.9 
23.3 


2.4.0 
24.4 


58.4 


39-3 
60.3 


23.6 | 61.2 


62.1 


2.4.7 
25.1 
2.5.4 
25.8 
26.2 


| 26.5 


py 


24.0 


24.3 


24.7 
25.1 


25-5 | 


25.8 


26.2 | 


26.6 


27.0 
7 | 27+3 
27-7 | 


47.1 
48.0 
49.0 
49-9 
50. 8 


51.7 


52.7 


19.5 
19.9 
20.3 
20.7 
21.0 


21.4 | 


21.8 
6 | 22.2 
1] 22.6 


23.0 


23.3 


23.7 


24.1 


24.5 
24.9 
25-3 
25.6 
26.0 


1 Tar 


Lat. 


6 9 Degrees 


68 Degrees | 


6 "4 


172 


4A Table of Difference of 


19 Degrees 


I 3- Point 


4.7.37 


76.6 
77S} 


Lat: 


70.9 
71.9 
72.8 


74.7 
75.6 


78.5 
7 9-4 
80.4 
81.3 
82.3 
83.2 
84.1 
8.5.1 
86.0 
$7.0 
58.0 


89.8 
90.8 
91.7 
92.7 

93.6 
94-5 


Dep. 


24.4. 


24-7 


X 
25.4 
4.5. 7 
26.0 


26.4 


26.7 


27.0 
27.3 
257 
28.0 
28.3 
28.6 
29.0 


| 203 


29.6 
Oey 
30.3 
30.6 
30-9 
31.3 
31.6 
31.9 
32.0 
32.6 


70.6 


72.5 


77.2 


81. 9 
83.8 


88.5 


94-2 


Lat. 
71.6 
7 3:4 


74-4 
75:3 


Dep. 


2543 
[256 


25.9 


26. 
26.6 


26.9 75.2 


71.4 
4173˙3 


Lat. 
70. T1 


72.4 


74-2 


76.3 


78.1 
7 9-1 
80.1 
$1.0 


$7.3 
27.6 


28.0 


28.3 
28.6 


29.0 


77.1 
78. o 
78.9 
79.9 


82.8 


84.7 
85.7 
86.6 
87.6 


29.3 
4; 
30.0 
383 
30. 


380 
31.3 


76.1 


80. 8 
81.8 


Dep. 


25.6 


26.0 
26.3 


| 26.7 


27.0 
27-4 
27.7 
28.0 
28.4. 
28.7 
29.1 

29.4 


29:7 
30.1 
30-4 
30.8 
311 
31.5 
31.8 


89.4 
90.4 
91.3 
23 
93-2 


Dep. 


Tat | 


Dep. 


31.7 
32.0 
3245 
32.7 


33.0 | 


33-3 
337 


p. Lat. 


32.T 
32.5 
32.8 
33-2 
33-5 

33-9 
34-2 


Dep. 


Lat. 


71 Degrees | 


7 + Points 


| 70 Degrees 


. 


20 Degrees 


Latitude and Departure. 


173 


6 


21 Degrees 


Lat. 


70.0 
70.9 
71 
72.8 
73˙7 
247 


75.6 


76.5 
77.5 
78.4 
79˙3 
80. 3 
81.2 
82.1 
83.1 
84.0 
84.9 
85.9 
$6.8 


87.7 


88.7 
8 9.6 
90-5 


91.5 


92.4 
93-4 


| Dep. Lat. 
69 Degrees 


Dep. 
26.9 
27.2 


27.6 


27.9 


28.3 


6 | 84.4 


889.9 


22 Degrees 


Lat. 


69.5 
70.5 
71.4 
72.3 
73-2 
74.2 


75. 1 
76.0 
76.9 
77-9 
78.8 
7 9-7 
80.7 
81.6 
82.5 


83.4 


$5.3 
$6.2 
87.2 
88.1 
89.0 


2 
91.8 


92.7 


Dep. 
28.1 
28.5 
28.8 
29.2 
29.6 


30. 


Lat. 
69.3 
70.2 
71.1 
72.0 
73.0 
73.9 


30.3 
30. 7 
31.1 
31.5 
31.8 
32.2 


74.8 
7 57 
76.7 
77.0 
78.5 
79-4 


2 Point 


Dep. 
28.7 
29.1 
29.5 
29.8 
30.2 
30.6 
31.0 
31.4 
31.8 
32.4 
32.5 
32.9 


32.6 
33.0 
33.3 
33.7 
34-1 
34-5 
34.8 
355.2 
35. 
35.9 
36.3 
36.7 
37.1 
37.5 


6 | 87.8 


$0.4 
$1.3 
$2.2 
83.1 
84.1 
$5.0 
35-9 
86.8 


88.7 
89.6 
90.5 
91.5 


92.4 


33.3 
33.7 
34.1 
34-4 
34.8 
35.2 
35.6 
36.0 
36.3 
36.7 
37-1 
37-5 
37-9 
38.3 


1.at. 


Dep. 


Dep. 


1 


68 Degrees 


6 Point | | 


174 A Table of Difference of 


l n 


r — — LAY 


IO 


| 15, 
1656 


Tat. 


| 23 Degrees | 


Dep. 


Lat. 


25 Degrees 


n 


| 


24 Degrecs | 


Dep. 


Lat. 


oo, 9 
0158 
02,5 
0357 
04,6 
20.55 
06,4. 
07,4 
08,3 
09,2 
10,1 
11,0 


— — 


12,0 


| 12,9 


13,8 


1 * 
18,4 


00,4 
o0,8 
OI,2 


0159 
223 
02,7 
93511 

03,5 
O 3,9 


04,7 
05,1 

0355 
05 59 


| 14,7 | 06,2 
6 06,6. 


07,0 


01,6 


00,9. 
01,8 
02,7 
03,6 
04,6 


0.5, 5 


0453 
11,0 


06,4 


O73 
08,2 


09,1 


10,0 


11,9 
12,8 


13,7 6 06 


I 46 | 


15,506 


16,4. 


00,4 
00,8 
012 
01,6 
02,0 
02541 
02,5 
03,2 
03,7 
04,1 
04,5 


O55 


04,91 
05,3 


07,4 
07,8 
08,2 
08,6 
o 9,0 


88974 


Lat. 


17,4 


18,3 


20,1 


Pep. 


Tat. Dep. 


00,9 
01,8 
02,7 


6 | 03,6 


04, 5 


07572 
09,1 


10,9 


[95,4 | 
06,3 


11,8 
12, 
13,6 06 
14,5 
15,4 
| 16,3 
| 17,2 
18,1 
1950 | 08 
LY) 
| 20,58 | « 
8] 21,7 | 


10,0 11 


67 7 Degrees 


66 Degrees | 6,5 Degrees 


r 


"_— 


Latitude and Departure 


175 


— — 


* Dr 


| Dep. 


Lat. 


27 Degrees | 
Dep. 


ag 
01,8 
9257 
03,6 


04,5 | 


03,4 


00,4 
9059 
01,3 
01,7 
02,1 
02,0 


00,9 
{01,5 
O27 
03,6 
95 


0554 


0059 
01,3 


01 


02,2 


02,6 


00.4 | 


00,9 
01,4 


6 | 01,8 


0243 
02,7 


06,3 
07,2 
08, 1 
09,0 
0959 | 
10, 8 
1 
1257 
13,6 
1455 
I 5,4 
16,3 


03z 


2 


03, 
103,4 
808, 
04,3 
04,7 


06,3 
07,2 


©9,0 


05,6 
05,9 
06,4 
06,6 
07,3 
On7 


117 


1454 


1553 
I 6,2. 


0959 


110,8 


12,6 


I 3,5 


1752 
18,1 
1950 
19,9 
20,8 
21,7 


08,1 


08,5 
0950 


09,8 


Dep. 


Lat: 


09,4 


10,3 | 


19,81 
18,0 
18,9 
19,8 
20% 
21,6 


08,8 


03,1 
0313 
03,9 
0444 
04,8 


0313 | 


0557 
06,1 


06,6 
07,0 
0774 
0799 
08,3 


09,2 
0979 


10,1 
10,5 


O32 | 


03,6 
04,1 
04:5 
05,0 
05,4 


[ = | 


E 


0579 


06,4 | 


06,8 


0713 
0757 


08,2 


08,6 
O9 1 

0945 
I 0,0 
1054 
1 079 


Dep. 


Lat. Dep. 


Lat. 


4 Points 


| 64 Degrees J 63 N 


— 


176 A Table of Difference of 


J : — 


| 23 Degrees 


Lat. Dep. 


24 Degrees 
Lat. | Dep. 


25 Degrees 
Lat. | Dep. 


23.0 


23.9 
24.8 


11.3 


09.8 
10.2 
10. 5 


10. 
11.7 


12.1 
I 2. 5 
12.9 
13.3 
13.7 
I 4.1 


I 4.4 
14.8 
15.2 
I 5.6 
16.0 
16.4 
16.8 


1 8.8 


17.2 
17.6 
18.0 
18.4 


I 9.2 
I9.5 


22.8 


23.7 
24.5 
25.6 
26.5 
27.4 
28.3 
29.2 
30.1 
31.1 
32.0 
32.9 
33.8 
34.7 
35.6 
36.5 
37.5 
38.4 


39-3 
40.2 


41.1 
42.0 


42.9 


43.8 


44.8 
45-7 


10.2 


10.6 
I 1.0 


11.4 
11. 8 


12.2 


12.6 


I 3.0. 


I 3.4. 
13.8 
I4.2 
14.6 
I 5.0 
I 5.4. 
I5.9 
16.3 


16.7 


7,1 


17-5 


E790 


18.5 
I 8.7 


19.1 


19.5 


195 
0. 


22.7 
23.6 
24.5 
25.4 
26.3 
2-2 
28.1 
29.0 
29.9 
30.8 
31.7 
32.6 


10. 6 


0 
11.4 


11.8 


12.3 


12.7 


13.1 
I 3.5 
I 3.9 
I 4.4. 
I 4.8 
15. 2 
I 5.6 
I 6.0 
16.5 
16.9 
. 
19,7 


I8.2 


18.6 


I 9.0 
19.4 


19.9 


20.3 


20.7 
L211 


Dep. [Lat. 
65 Degrees 


| Lat. Dep. Lat. 
67 Degrees | 66 i | 


Latitude and Departure. 177 


# 


3 


2 4 Point 


26 Degrees | 27 Degrees 


Lat. 
22,6 
2355 
2454 
2553 
26,2 
27,1 


Dep. 
10,7 
11,1 
11,5 
12,0 


1254 
12,8 


28,0 
28,9 
29,8 
30, 
31,6 


325 


3374 
343 
35,3 
36,2 
3751 
38,0 


39,9 


39,5 
40,7 
41,6 
42,5 
4354 

44,3 
| 4552 


I 3,3 
13,7 
1451 
14,5 
I 5,0 
15,4 


I 5,5 


16,2 


16, 
17751 


17,5 
I 8,0 


18,4 


18,8 
I 9,2 


19,7 | 


20,1 
20,5 


20,9 
21,4 


LAT. 


22,5 
2354 
2453 


12.552 


26,1 
27,0 
27,9 
28,8 
29,7 
30,6 
31,5 
3274 
3352 


| Dep. 


Lat. 


Dep. 


11 
1154 
11,8 
1253 
125% 
131 


Dep. 


Lat. 


Dep. 


13,6 
14,0 
1454 
1459 
15,3 
I 5,5 
I 6,2 
16,6 
1751 
1755 
18,0 
18,4 


8,6 18,8 


1953 
I 9,7 


2042 


| 20,6 


21,5 
21,9 


| Lat. 


22,3 
23,2 
24,1 
24,9 
25,5 
26,7 
27,6 
28,5 
2 9,4 
30,3 
31,2 
3251 
33,0 
3359 
3437 
35,6 
36,5 
374 
38,3 


1 
1158 
12,4 
13.5 
I 3,2 


I 3,6 


1451 
1455 
I 5,0 


15,4 


1559 
16,3 


16,8 
17,2 | 


177 
18,2 
18,6 
I 9,1 
I 9,5 


39,2 


40,1 
41,0 
41,9 
42,8 
4337 
4445 


20,0 
20,4 
2 
21,3 
21,5 


-24;2 


22,7 


Dep. 


Lat. 


5+ Points 
+ 


64 Degrees | 63 Degrees 


1 


— 


N 


178 A Table of Difference of 


23 Degrees 


— 


24 Degrees | 25 Degrees 


46,9 
4739 
48,8 
49,7 
50,6 


56| 51,5 


3255 
3354 


5 453 


55572 
56,1 
1571 


3 


58,0 


Dep. 


Dep. 
TOY 
2053 
20,7 
21,1 
21,5 
21,9 
2253 
22,7 
23,0 
23574 
2358 
24,2 
24,6 
25,0 
2554 
25,8 
26,2 


26,6 


| 27,0 
2753 


8 0 


28,1 


| 28,5 
28,9 


Lat. 


1 | 
4.6,6 
4755 
48,4 
40,3 
50,2 
1 


Dep. 
20,7 
21,1 
21,5 
22,0 
22,4 
22,8 
23,2 
2 3,6 
24,0 
S | 24,4 
24,58 
6 | 25,2 
25,6 
26,0 


Lat. 
46,2 
471 
48,0 
48,9 
49,5 
50,7 
5157 
52,6 
5355 
5474 
553 
| 56,2 
571 
58,0 
5058 
3978 
60,5 


61,6 


| Dep. 
21,5 
22,0 
22,4 
22,8 
23.2 
2557 


———— 


24,1 
24,5 
2459 
2554 
258 
26,2 
26,6 
2750 
275 


2759 
28,3 


28,7 


Dep. Lat. 


62, 5 


63,4 
64,3 
65,2 
66,2 
67,1 


Dep. 


2952 
5 
30,0 
30,4 
30,8 
3133 


Lat. 


67 Degrees 


66 Degrees 


65 Degrees 


— 


Latitude and Departure. 179 


2 + Point | 
Dep. 


26 Degrees 27 Degrees 


Lat. 


46,1 
46,0 
47,9 
45,5 
497 


50,6 | 


51,5 
3254 
3373 
52 
5551 
56,0 
56,9 
57,9 
58,8 


39,7 
60,6 


61,5 2 


62:4 
63,4 


64,3 
65,2 


66,2 


66,1 
Dep. 


It,» 
22,2 
. 
251 
2.335 


IHE Þ 


24,4 


24,5 


25,2 
25,6 


— —— — — 


La. 


Dep. 


27.43 
22,8 


6 | 23,2 


23, 
24,1 


3 | 24,5 


Lat. 


474 
46,3 
47,2 
48,1 
49,0 
49,9 


2 5,0 
2554 
25,9 
26,3 
26,7 


27,2 


27,6 


28,0 


25,5 
28,9 
2954 
83 
3052 


30,7 [6 


31,1 
31,6 


6 | 32,0 


3 2354 


E. 


5 2 Points | 64 Degrees 


5o,8 
517 
5256 
3375 


5954 
I552 


56,1 
5750 
5759 
55,8 
39,7 


Dep. 


| Dep. 


2443 
23,6 
24,1 
24,5 
25,0 


254 


25 9 
26,3 
26,8 
27,2 


27 1 


28,1 


28,6 


2951 
2 
Iv 


39,4 


6 | 30,9 


31,3 
31,5 
1 
32,7 


35 
33,6 


Lat; 


63 Degrees 


—_ 


N 2 


180 A Table of Difference of 


23 Degrees 


24 Degrees | 


» 1üü5 


25 Degrees 


Eat. 


Dep. 


Lat: 


Dep. 


Dep. 


20,3 
2957 
305,1 
3055 


30,9 


313 


68,5 
69,4 
7 053 
71,2 
7252 
7351 


30,5 
30,9 
3133 
317 
3251 
32,5 


Dep. 


31,7 
3251 
3255 
3350 
3374 
3378 


31,6 


32,0 
32,4 
3239 
3372 
33,6 


— 


34,0 
344 
34,8 


35,28 


3.5,6 
355 
36,3 


3,5 | 36,7 


3751 
3755 
3759 


38,3 


38,7 
3951 


Lat. 


747,0 
74,9 


7.558 


Dep. 


635,0 


33,9 
3353 
335,8 
34,2 
34,6 


3554 


3452 
3457 
3551 
3555 
3559 


Dep. 


67 Degrees 


66 Degrees 


'65 Degrees 


— 


Latitude and Departure. 181 


— 


FRETS Point 


26 Degrees | 


27 Degrees 


. | Dep. 


3251 


3259 


33,3 
6 | 33,0 
34,2 


32,9 


Lat. 


Lat. 


| Dep. 


| Dep. 


3459 


13373 


337 
32 
34,0 
3551 


66,8 


67,7 
68,6 
69,5 
70,4 
71 


34,6 
1 
35,5 
35,9 


3555 
33,9 


6 | 36,4 


36,8 
37,3 
37,7 


38,1 
| 38,5 


3950 


39,4 
| 39,8 


4053 


40,8 | 


7242 
73,1 
7 4,0 
74S 
7 557 
76,6 


391 


35 


350 
3574 
335 


— — 


7755 


7 44 | - 


87,2 
88,1 
8 9,0 
8959 


41,2 


41,6 
42,1 


42,53 


4350 


4354 


43,8 


Dep. 


Dep. 


Lat. 


Dep. 


6— 


32 Points | 


64 Degrees 


63 Degrees 


N 3 


182 A Table of Difference of 


28 Degrees | 2 + Point | 29 Degrees 
Lat. | Dep. | Lat. | Vep. Lat. | Dep. 


— 


—— 


Sloane «| YI 


IO 


00,9 
0158 
02,6 
D355 
04,4 


O53 
06,2 


07,1 
07,9 
O08, 8 


12 


10, 6 


1155 
1254 
13,2 
14,1 
I 5,0 
I 5,9 


00,5 
00,9 
01,4 


01,9 
8233 
02,8 


0353 
03,8 
O4 52 
04,7 
O.5,2 


©530 


06,1 
06,6 
07,0 
0745 
08, 


08,4 


005,9 
01,8 
02,0 
03,5 
04,4 
O 593 
06,2 
07,1 
0759 
08,8 
0957 
10,6 
178 
F243 
1352 
I 4,1 
I 5,0 
1.5.9 


00,5 
00,9 
01,4 
01,9 
02,4 
02,8 


0333 


03,5 
04,2 
045% 
055,2 


00,9 


ol,7 
02,5 


0355 


03,4 
05,2 
06,1 
0750 
0759 
08,7 


09,6 


6 110,5 
11,4 


12,2 
13,1 


1459 


| 1557 


16,8 
I7,7 
18,5 


| 1954 


2053 


2 


08,9 
0954 


999 


10,3 


10,8 


16,8 
17,6 
18,5 


1 9,4 
20,3 


21,4 


Dep. 


Lat. 


Dep. 


16,6 
1755 
18,4 


19,2 
20,1 


2150 
. | Dep. | 


00,5 
01, 
D154 


0159 
02,4 


02,9 


O 334 
0 3,9 
0434 
04,8 
3 
0.5,8 
06,3 
06,8 
07,3 


O77 
08,2 


08,7 


O9,2 
99,7 
1052 
10,7 
1151 
1 156 


At. 


62 Degrees | 5 Points 


61 Degrees 


Latitude and Departure. 183 


30 Degrees 


2 4 Point | 


31 Degrees 


Lat. 


00,9 
ol,7 
02,6 
0345 
90453 
0.5, 
06,1 
06,9 
07,8 
08,7 
09,5 
1054 
1153 
I 2,1 
I 3,0 
1359 
1457 
I 5,6 


16,4 


17,3 


18,2 
19,0 


1959 


20,8 


00,5 
OI,0 
OI;5 
02,0 
02, 5 
03,0 
D355 
04,0 
0445 
© 5,0 
0.355 
06,0 


Dep. 


Lat. 
00,9 
01 
02,6 
03,4 
0453 
05,1 
06,0 
06,9 
C77 
08,6 


09,4 
1053 


Dep. 
00,5 
OI,0 
0155 
02,1 
02,6 
03,1 
0 3,6 
04,1 
04,6 
0.551 
05,6 


06,2 


06,5 
07,0 
0755 
08,0 
08, 5 
09,0 
0955 
I 0,0 
L043 
11, 
13 
12,0 


Dep. 


| Lat. 


06,7 
O7,2 
0757 
08,2 
08,7 


09,2 


11,1 
120 
12,9 
13,7 
14,6 


15,4 


Lat. 
00,9 
OI,7 
02,6 
034 
04,3 
O5,1 
06,0 

06,9 
077 
08,6 
09,4 
10,3 
151 
12,0 
1259 
1357 
14,6 


1.5544 


Dep. 


00,5 
01,0 
O15 
0251 
0256 
03,1 


03,5 


04,1 
04,6 
05,1 


0557 
06,2 


06,7 
075, 
07757 
08,2 
08,8 
09,3 


(69 
I7,1 
I 8,0 
15,9 
I 0,7 
20,6 | 12,3 


Dep. | Lat. 


09,0 
I ©, 3 
10,8 


11.2 
11,8 


16,3 
17,1 
I 8,0 
18,9 
I 9,7 
20,6 


Dep. 


09,8 
10,3 
10,8 
1453 
1158 
I 2,4 


Lat. 


60 Degrees 


— — 
6 4 Point 


59 Degrees 


— 


W FF 


3 


— 


N 4 


184 4 Table of Difference of 


dt. 


28 Degrees | 


2 + Point | 29 Degrees 


Eat. | 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. | 


[ ep. 


11 
12.2 


12.7 


13 
136 
14.1 
14.5 
15. O 


15.5 
I 6.0 


] 16.4 


I 6.9 
1 
17. 0 
18.3 
18.8 
I 9.2 
I 9.7 


20.1 


20.6 


21.1 


6 | 21.6 


2.2.1 
22.5 
23.1 
44.0 
Lat. 


22.0 
22.9 
23.8 
24.7 
25.6 
26.5 
27.3 

28.2 
29.1 

30.0 
30.9 
31.7 
32. 6 
33·5 

34-4 
35+3 

36.1 

37.0 
3 


38.8 
39.7 
30.6 
31.5 
32.4 
33˙3 
34.1 


— 


1 £4 


18. 9 
19.3 


20.3 
20.7 
21.2 
22.7 
22.2 
22.6 
2.342 
23.6 


Dep. 


I 1.5 
£2.43 
12.7 
I 3.2 
13.7 
I 4.1 


21.9 
$2. 
+ 226 
24.5 
25.4 
26.2 


I 4.6 
1 


I 5.5 
16.0 


17. 0 
17.4 
17. 9 
18.4 


I 9.8 


27.1 
28.0 
28.9 
29.7 
. 
31.5 
32.4 
F3:2 
34-1 
35-0 
35˙8 
36.7 
37. 6 
38.5 
3 
40.2 
41.1 
42.0 
42.8 
43.77 


Lat. 


Dep. 


12.1 
6 
13.1 
13.6 
14.1 
14. 5 
I 5.0 
I5.5 
I 6.0 
I6.5 
I7.0 
17.4 
17.9 
18.4 
e 
19.4 
19.9 
20.4 
20. 8 


41.3 
21.8 
22.3 
22.8 
23.3 
LY 
24.8 


Lat. 


62 Degrees | 


5 + Point 


61 Degrees 


* & > 


3 


Latitude and Departure. 185 


33 


3o Degrees 2 4 Point 


22 Degrees 


Lat. 


Dep. 


Lat. 


Dep. 


21,6 
2235 
2374 
245,2 
25,1 
26,0 
26,8 
277 
28,6 
29,5 
30,3 
31,2 


5 


3259 
33,8 
34,6 
35,5 


36,4 | 
3752 


3,5 
I 3,0 
1355 
I 4,0 
1455 
15,0 
I 5,5 
I 6,0 
16,5 
I 7,0 
17,5 
18,0 


18,5 


I 9,0 
19,5 


20,0 


20,5 


21,0, 


21,5 


21,4 
2253 
23,1 
24,0 
24,9 
2.57 


26,6 


2754 
28,3 


29,2 


3050 
30,9 


31,7 
3255 
3354 
34583 
3572 
36,0 
36,9 


1258 


1354 


1359 
1454 
1459 


I 5,4 


I 5,9 
16,4 
I 7,0 
1755 
18,0 


15,5 


I 9,0 
19,5 
20,0 
20,6 
21,1 


21,6 


$2.4 


Lat. 


21,4 
2273 


24,0 
2459 
257 


26,6 
2754 
28,3 
29,1 
3050 
3059 
31,7 
32,6 
3354 
3455 


3551 


36,0 
36,9 


Dep. 


12,9 


I 3,4 


1359 


I 4,4 
14,9 
I 5,4 
10,0 
16,5 
175,0 
1755 
18,0 
18, 5 


19,1 
19,6 
20,1 
20,6 
21,1 
21,6 
22,1 


38,1 


39,0 


3958 


40,7 
41,6 


42,4 


4 393 


22,0 
22,5 
23,0 
2355 
24,0 
24,5 
25,0 


377 
38,6 
3955 
40,3 
4152 
4250 
4259 


22,6 


23,1 


23,6 
24,2 
27 
25,2 
257 


3757 
38,6 
39,4 
40,3 
41,1 
4250 
4259 


Dep. 


Lat. 


60 Degrees 


Dep. 


Lat. 


Dep. 


22,6 
443.2 
2357 
24,2 
24,7 
33 
2557 


5 + Points 


59 Degrees 


186 A Table of Difference of 


28 Degrees | 2 + Point | 29 Degrees 
Lat. | Dep. | Lat. | Dep. | Lat. | Dep. 


| 51145-0[23-9]45.0]240| 44-6] 24.7 
| 52|45-9|24-4|45:9| 24-5| 45-5] 25-2 
5346.8 24.9] 46.7 | 25.0] 46.3] 25.7 
54 | 47-7 | 25-3 | 47-6 | 25-5] 47-2] 26.2 
5548.6 25.8 48.5 25.9 48.1] 26.7 
5649.4 26.3 49.4 | 26.4 | 49.0 | 27.1 
57 Fo. 3 26.8 50.3] 26.9] 49.8 27.6 
5851.2 27.2 51.2 27.3 50.7 28.1 
59 J2.1 27.7 52.0 27.8 F. 628.6 
60 53.028.252 928.3 F2.5 29.1 
61 | 53-9 | 28.6 53-8 | 28.7 | 53-3 29.6 
62 | 54-7 | 29-1 | 54-7 29.2 | 54-2 | 30-1 
63 FF. 629.6 55.6 | 29.7 | 55-1 | 30.5 
64 | 56.5| 30.0 | 56.4 | 30. 2 66.0 | 31.0 
65 | 57-4 | 39-5 | 57-3] 30-5] 56-8 | 31.5 
66 | 58.3] 31.0| 58.2 | 31.1] 57.7 | 32.0 
| 67|59.2] 31-4 | 59.1] 31.6] 58.6] 32.5 | 
68 |60.0| 31.9 | 60.0] 32.0] 59-5 | 33-0 
69 [60.9 32.4 | 60.8] 32.5] 60.3 | 33.4 
70 [61.8] 32.9 [61.7 | 33.0|61.2| 33.9 
| -1 [62.7 33-3 |62.6] 33.5| 62.1 | 34.4 
| 72 [63.6] 33.8 [63.5] 33.9] 63-0 | 34-9 
73 [544 | 34-3 | 64-4| 34-4 | 63-8] 35:4 
| 74 [65.3] 34-7 | 65-3] 34-9| 54-7 | 35-9 
Dep.] Lat. | Dep. Lat. | Dep. | Lat. 
A | 6z Degrees | 5 + Points | 61 Degrees | 


l 


„— 


Latitude and Departure. 


187 


1 1 
| 3o Degrees] 2 4 Points 


AO 


| 31 Degrees 


Lat. | 


Dep. 


Let. 


44-2 
45-0 
45-9 
46.8 
47.6 
45.5 


25.5 
26.0 
26.5 
27.0 
25.6 
28.0 


49-4 
50.2 
Chef 
52.0 
52.8 


53.7 


28. 5 
29.0 
29.5 
30. 
30.5 
31.0 


43-7 
44-6 
45.5 
46.3 


47˙2 
48.0 


48.9 
49.7 
50.6 
51.5 
52.3 
53.2 


Dep. 
26.2 
26.7 
27.2 
27.8 
28.3 
28.8 


Lat. 


43˙7 
44-6 
45-4 
46.3 
47-1 
48.0 


Dep. 
26.3 
26.8 
27.3 
272 
28.3 
28.8 


29.3 
29.8 
30.3 
30. 8 
31.4 
31.9 


48.9 
49-7 
50.6 
51.4 


54.6 
55-4 
56.3 
57.2 
58.0 


58.9 


31.5 
32.0 
32.5 
33.0 
3345 
34-0 


54.0 
54.9 
FF. 7 
56.6 
57.5 


38.3 


32.4 
32.9 
334 
33-2 


34-4 |. 


35.0 


29.4 
I 
30.4 
30. 9 
31.4 
33 


[32-4] 
33.0 


333 


6 34.0 


34-5 


35.0 


59-7 
60.6 
61.5 
62.2 
63.3 
64.1 


34-5 
35.0 
3545 
36.0 
36.5 


37.0 


59-2 
60.0 


60.9 
61.8 
62.6 


63.8 


Dep. 


Lat. 


60 Degrees 


Dep. 


335 


333 


36.0 


36.6 
37.1 


37.6 
28.1 


Dep. 


Eat; 


5 Points 


59 Degrees 


"nn FF _ of Difference of 


——_— 


2 


28 Bees 2 2 Point 


29 Degrees 


L. 


66.2 


67.1 
68.0 
68.9 
69.7 
70.6 
71.5 
72.4 
73.3 
74.2 
75.0 
73-9 


Dep. 


Fa 


Dep. 


Lat. Dep. 


36.6 


3 


35˙7 
36.1 


37.1 
37.6 


38.0 
38.5 
39-0 
39-4 
39-9 
40.4 | 


87 


76.8 
77.7 
78.6 


79.5 


80.3 


| $1.2 


$2.1 


$3.0 
83.9 
$4.8 
$5.6 
86.5 


87.4 
88.3 


45.5 


9136.3 


35-4 
35.8 


36.8 


39.2 
377 


40.1 


65.6 | 
66.5 


68.2 


70. o 


67.3 
69.1 


38.2 
39.1 
39.6 


40.5 


70.8 


71.7 


73.5 
74.3 
25.2 


72.6 


36.4 
36.8 


1 


37.8 
38.3 


38.8 


39.8 
39-7 
40.2 
40.7 
41-2 


41.7 


43-4 


41.0 
41.5 
41.9 
42:4 
42.9 


43.9 


77.0 
77.8 
78.7 
79.6 


80. 5 
81.3 


76.1 


46.0 
46.5 
46.9 


Dep. 


Lat. 


8.5. 5 45.7 


87.3 
88.2 


44.8 


44.3 
45.2 
46.2 


46.7 
47.1 


83.1 
84.0 
84.8 
8.5.7 
86.6 
87. 5 


| $2.2 


$2.2 


42.7 
43-1 
43.6 
44.1 
44.6 
45.1 


46.1 
46.5 
47-0 


47-5 


48.0 
48.5 


45-6 |. 


— 


Lat. 


Dep. 


 # MW 


62 Degrees 


5 = - Points 


61 Degrees 


Latitude and Departure. 189 


zo Degrees | 2 4 Point | 31 Degrees | 
Tat. Dep. | Lat. | Dep. | Lat. | Dep. 


64.9 37.5 |64-3| 38.6 | 64.3 | 38.6 
65.8] 38.0 [65.2 | 39.1 | 65. 139.17 
66.7 | 38.5 [66.0 39.6 66.0] 39.7 | 77 
67.5 39.0 [66.9 | 40.1 | 66.9] 40.2 | 78 
68.4 | 39.5 | 67.8 | 40.6 | 67.7 | 40.7 | 79 
69.3 | 40.0 [68.6 | 41.1 | 68.6 | 41.2 | 80 
70.1 | 40.5 |69.5 | 41.6 | 69.4| 41.7 | 81 | 
70.9] 41.0 [70.3 42.2 | 70.3 | 42-2 | 82 
71.8] 41.5|71-2|42.7 | 71.1 | 42-7| 83 
| 72.7 42.0 [72.1 43-2 |72.0 | 43-3] 84 
73.6 42.5 [72.0 43-7 |72-9| 43-3] 85 
24.5 43-0 [73-8 | 44-2 [73-7 [44-3] 86 
75.31 43-5 | 74-6 | 44-7 174-4 | 44-5 | 87 
76.2] 440 [7.5 45-2 575-6 | 45-3] 88 
77.1 | 44-5 [76.3 45-3 76.345. 889 
77. 9 45.0 77.2 46.377. 146.3 90 
78.8 45.5 [78.1 46.8 78.046.991 
79.7 46.0 [78.9 47-3 78.9. 492 
80.5 46.5 79.8 47-8 | 79-7 [47:9 | 93 
$1.4 | 47.0 | 80.6 | 48.3 | 80.6 | 48.4 | 9.4 
82.3 47.5 | $1.5] 48.8 | $1.4 | 48.9] 95 
$3.1| 48.0 | $2.3| 49.3 | 52.3| 49.4 | 96 
$4.0 | 48.5 |$3.2| 49.9 83.1 50.0|07 | 
95 

99 

= 

find 


—_— 1 att... Ale 
* 


84.9 49.0 | 84.1 | 40.4 | 54.0 | 50.5 
$5.7 | 49.5 | 84.9] 40.9 84.9 51.0 | 
86.6 40.0 | 85.8 | 41.4 | 55.7 | 51.5 
Dep. | Lat. | Dep. | Lat. Dep.] Lat. 
Go Degrees | 5 + Point | 59 Degrees |; 


id. 


190 A Table of Difference of 


32 Degrees 


33 Degrees | 


4 
nnn... 


3 Points 


Lat. 


Dep. 


Lat: 


Dep. 


Lat. 


Dep. 


oo, 8 
017 


O25, 5 


0394 
04,2 


0.551 


00,5 
01,1 
0156 
02,1 
02,6 


O 3,2 


00,8 
9157 
02,5 
837 
04,2 
05,0 


00,5 
8% 
01,6 
02,2 
025% 
2353 


Des — ya 


8 


06,8 


07,6 


08,5 


09,3 
10,2 
1150 
11,9 
12,7 
13,6 
1454 


1373 


16,1 


1750 


17,8 


18,6 
19,5 


2053 


Dep.] Lat. 


0357 
04,2 
04,5 
©0353 
05,5 
06,4 
06,9 


0754 
0759 
08, 5 
09,0 
09,5 
10,1 
10,6 
111 
117 
12,2 
1257 


O; 

5 
0755 
08,4 
09,2 
10,1 


— ——— 


10,9 
11,7 
12,6 
I 3,4 
1453 
I 5,1 


03,8 
04,4 
04,9 
0.554 
06,0 
06,5 


00,8 
OT, 7 
S253 
03,3 
04,2 
850 
05,8 
06,6 
075 
08,3 
O9,1 
10,0 


00,6 
01,1 
01,7 
025,2 
02,8 
837 


0359 
0434 
© 5,0 
05,6 
06,1 
06,7 


07,1 
07,6 
08,2 
08,7 


09,3 
O9,d! 


I 55 

1 98 
17,6 
18,5 
I 9,3 
20,1 


Dep. 


1053 
1 O59 
1154 
12,0 
1255 
13,17 


10,8 


11,6 
12,5 
I 3,3 
I 4,1 
1.5,0 


15,5 


16,6 
175,5 
18,3 


19,1 


20,0 


07,2 
07,8 
8, 3 
08,9 
09,4 
10, 
10,6 
11,1 
11, 
12,2 
12,8 
1373 


Lat. 


Dep. 


Far, | 


58 Degrces 


57 Degrees 


LES Point | 


— 


Latitude and Departure. 191 


— 


Lat. 


34 Degrees 


35 Degrees 


Dep. 


Lat. 


Dep. 


Lat. 


00,8 


157 


02,5 


O 333 
04,1 


0.550 


05,5 
06,6 
0755 
08,3 
O9,I 


099 


10,8 
11,6 
1254 
13,3 


141 
1559 


157 
16,6 
1754 
18,2 
I 9,0 


2 


00,6 
01,1 
0157 
02,2 
02, 8 


03,4 


0359 


04,5 


©5,0 
05,6 
06,1 


06,7 


O0, 8 
01,6 
0255 


8353 
04,1 


04,9 


05,7 
06,5 


07,4 


08,2 
O 9,0 


0958 


00,6 
011 
01,7 
02,3 
©2,9 


9 


00,8 
0156 
02,4 
03,2 
04.0 
04,8 


07,3 
075,8 
08,4 
08,9 
09,5 
10,1 
10, 6 
11,2 
1157 
12,3 


12,8 


I 3,4 


10,6 
11,5 
1253 
I 3,1 
I 3,9 
I 4,7 


— 


04,0 
0456 
05,2 
0.557 
06,3 


06,9 


07,5 
0850 
08,6 
09,2 
09,8 


I0,3 


O57 
06,5 
073 
08,1 


08,9 


2 


36 Degrees 


Sem — 


Dep. 
00,6 
01,2 
01,8 
02,3 
02,9 
03,5 
04,1 
04,7 


05-3 


O57 


06,5 


07,0 


10,5 
1153 
1251 
12,9 
13% 
14,6 


07,6 
08,2 
08,8 
09,4 
I 0,0 
10,6 


10 


1.556 
16,4 
1752 


18,8 
1957 


10,9 
1153 
I 2,0 
125,6 
13,2 
13 


15,4 
16,2 
17,0 
17,8 
18,6 


19.4 


11,2 


11.8 
F2,3 
I 2,9 
1345 
14.1 


Dep.] Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


56 Degrees 


_ 


55 Degrees 


* 


54 Degrees 


1 


© 8 3 vd 


Ws 


— 


192 A Table of Difference of 


| 32 Degrees 


Fee: Degrees 


3 Point 


Lat. Dep. 


Lat. 


Dep. 


4; at. 


21.2 


22. 
22.9 
23.7 
24.6 
25.4 


83.2 
13.8 
14.3 


14.8 


I 5.4 
1.9 


21.0 
21.8 
22.6 
23.5 
24.3 
2 


26.3 
27.1 
28.0 
28.8 


29.7 


| 30-5 


16.4 
17.0 
17.5 
I 8.0 
18.5 


I 9.1 


26.0 


26.8 
27.5 
28.5 
29.4 
30. 2 


31.4 
32:2 
33-1 
33-9 
34.8 
35-6 


[36.5 


19.6 
20.1 
20.7. 
21.2 
21.7 
22.3 
22.8 


31.0 
31.9 
32.7 
33.6 
34.4 
3.2 
36.1 


37+3 
38.1 
399 
399 
40.7 


41.5 


42.4 


23.3 
283.8 
24.4 
24.9 


12.4 


26.0 
25.5 


36.9 
37.7 


38.6 


39-4 
40.3 
41.1 
41.9 


13.6 
14.2 
14.7 
1.5.2 
I 5.8 
16.3 
16.9 
17.4 
I 8.0 
1 8. 5 
19.1 
19.6 
20.1 
20. 
21.2 
21.8 
22.3 
22.9 


20.5 
21.5 
22.4 
$3.4 
24.1 
24-9 


25.8 
26.6 
27.4 
28.3 


29.1 


29.9 


30.5 
31.6 
32.4 
33˙3 
34.1 
34-9 
35.7 


Dep. 


I 3.9 
I 4.4. 
I 5.0 
15:5 
I 6.1 
I 6.7 


17.2 4] 


I7.8 
18.3 
18.9 
I 9.4. 
20.0 
20.6 
21.1 
$24,” 
22.2 
22.8 
43.3 
23.9 


23-4 
2.4.0 
24.5 
25.0 
25.6 
26.1 
26.7 


2 


36.6 


374 


38.2 


39.1 


9 


40.7 
41.6 


Dep. 


Lat.” 


Dep. 


Lat. 


Dep. 


24.4 
25.0 


2 F. 5 


26.1 


26.7 
272 
27.8 
Lat. f 


58 Degrees | 


57 Degrees 


5 Point 


Latitude and Departure. 193 
34 Degrees | 35 Degrees] 36 Degrees | S |] 
Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | © 
20,7 | 14,0 20, 5 14,3 20,1 [14,7 | 25 
21,5 |14,5 | 21,3 | 14,9 21,0|15,3| 26 
22,4 |15,1|22,1|15,5|21,8|15,9]27 | 
23,2 | 15,6 | 22, 9 16,1 | 22,6 |16,5 | 28 
24,0 116,2|23,8|16,6|23,5|17,0|29 | 
24,9 [16,8 |24,6|17,2 | 24,3 [17,6 | 30 
25,7 [17,3 | 25,4] 17,8 2.51 18,231 
26,517, 9 26,218, 325,918,832 
27,418, 2,0 18,9 26,719,433 
28,219, 27,9 19, 27, 20,034 
29,0 [19,6 28,7 | 20,1 | 28,3 | 20,6| 35 
29,8 | 20,1 | 29,5| 20,6| 29,1 | 21,2 | 36 
39,7 | 20,7 | 30,3 | 21,2 | 29,9 | 21,7 | 37 
31,5 | 21,2 | 31,1|21,8 | 30,7 | 22,3 | 38 
32,3 | 21,8] 32,0] 22,3|31,5|22,9]39 | 
33,2 22,4 | 32,8 | 22,9 | 32,4 | 23,540 
34,0 | 22,9 | 33,0 | 23,5 33,224,141 
348 | 23,5 | 34-4 | 2451 3450 | 2437 | 42 
356 |240 | 352|246| 348 | 25,3 [43 | 
36,5 | 246 | 36,0 | 25,2 | 35,0 | 25,9] 44 | 
37732552 36,9 25,9 36,4 | 26,4 | 4.5 
38,1 | 25,7 37,7 26,4 | 37,2 | 27,0 46 
39,0 | 26,3 | 38,5| 26,9 38,0 27,6 | 47 | 
39,8 26,8 | 39,3 | 27,5| 38,8 | 28,2 48 
40,6 | 27,4 | 40,1 | 281] 39,6 | 28,8 49 
41,4 | 28,0 | 41,0 | 28,7 | 49,4 | 29,4 | 50 | 
Dep. | Lat. | Dep. | Lar. | Dep. Lat. | 
36 Degree | 55 2 8 | 54 Degrees 75 


— 


Oo 


194 A Table of Difference of 


32 Degrees 


33 Degrees] 4 Point 


Fat. 
43,2 


4451 


44,9 


45,8 
46,6 


4755 


Dep. 


Dep. 
27,0 
27,6 
28,1 
28,6 
291 
2957 
30,2 
3057 


3153 


31,8 
3253 


3259 


3354 
3359 


394 


3550 


365,5 
57 36,0 


| 36,6 


3751 


37,6 


38,1 
38,7 
3992 

Lat. 


Lat: 


42,8 


43,6 
445 


453 


46,1 
4750 
4758 
48,7 
455 
3053 
3152 
32,0 
3259 
3 
5455 
3353 
56,2 
5750 
5779 
58,7 
59,6 


60,4 
61,2 


62,1 | 49,3 


Dep. 


27,8 


28,3 


25,9 


2 9,4 
30,0 
39,5 
31,0 
31,6 
3251 


3237 | 


3352 


33,8 £ 


3453 
34,9 


3554 


35,9 
36,5 


Li. 


+254 
4352 
4451 


44,9 
4557 


46,6 
4754 


Dep. 


37,0 378 


37,6 
38,1 


f 38,7 


3952 


3958 [6 


40,3 


Dep. | Lat. 


Dep. 


58 Degrees | 


57 gn = 5 Point 


? 


Latitude and Departure. 


195 


= 


| 34 Degrees 


35 Degrees 


| 36 Degrees 


Lat. | Dep. | Lat. 


4253 
435 
4359 
4455 
46 
4054 
4753 
48,1 
48,9 
49,7 
50,6 
314 
52,2 
3351 
3359 
397 
3555 


554 


1 
38, o 
55,9 
5557 
60,5 
61,3 


Dep. 


28,5 
29,1 
29,6 
3052 
30,7 
3153 


31,0 
3254 


3350 
3355 
3451 
347 


De ES 


3552 
3558 
36,3 
36,9 
37,5 


41,8 
42,6 
4354 
4452 
431 


43559] 


46,7 


475,5 
48,3 


49,1 
3950 
50,8 
51,6 
3274 
3352 
34,1 
34,9 
3359/7 


5 6,5 
3753 
58,2 
59,0 


5958 
60,6 


. | Dep. 


| Dep. 


29,2 
29,8 
30,4 
31,9 
315,5 
3251 
3237 
3373 
33,8 
3954 
3459 
3556 
36,1 
36,7 
3753 
3759 
38,4 
39 
39,6 
40,1 
40,7 
41,3 
41,9 
42,4 


LA. 


Lat. 


— — — 


41,3 
42,1 
42,9 
4357 
4455 
4553 


46,9 
5 0 | 
40,5 


= 


3072 


46,1 


49,3 


Dep. 
30,0 
30, 6 
3152 

31,7 
3233 

32,9 
3355 
3451 

3497 


3559 


36,4 


35150 
51,8 
52,6 
3 334 
34,2 
3550 
558 
56,6 
5754 
58,2 
5951 
5959 


Dep. 


3750 
37,6 
38,2 
38,8 
39,4 
40,0 
40,6 


41,1 


41,7. 


4253 
42,9 


56 Degrees | 55 Degrees 


54 Degrees | 


Lat. 


3553 


43557 


O 2 


196 A Table of Difference of 


32 Degrees 


33 Degrees 


Lat: 
63,6 


Dep. 


Dep. 
3957 
405,3 


4558 


41,3 
41,9 
+244 


4354 
440 
445 
4.5350 


45,6 | 
46,1 
61] 46,6 


4752 
4757 


48,7 


14913 


49,8 


6 | 50,3 
- | 30,9 


315,4 
3159 


52,5 


3350 


| Lat. 


42,9 


48,2 


Lat. 


Dep. 


40,8 
41,5 
41,9 


| 425 


4350 
43,6 


44,1 
4437 
4.32 
45,8 
46,3 
46,8 
4753 


8 47,9 


48,5 
49,0 


49,6 
50,1 


50,6 | 7733 
5152 


51,7 
525,3 
5258 


3374 


33591 


34,5 


Lat. | Dep. 


58 Degrees 


* 


57 Degrees 


5 Points | 


——_— 


Laticude and Departure. 


197 


1 


— 


| z 34 Degrees 


— 


35 Degrees! 


36 Degrees 


Lat. 


Dep. 


62,2 


Dep. 


56 Degrees 


[41,9 


———— 


6 | 50,3 
| 59,9 


6 | 53,7 


— — — 


42,5 
4 3,0 
43,6 
＋ 2 
447 


4573 
4558 
46,4 
4750 
475 
48,1 
48,6 
4952 
49,8 


31,4 
3450. 
525,6 
5371 


5452 
54,8 
3554 
3579 
Lat. 


Lat. | Dep. 


61,4. 
62,3 
63,1 
63,9 
| 64,7 
65,5 
66,4 
67,2 
68,0 
68,8 
69,6 
70,5 
7153 
7251 
7259 
73577 
75 
7554 
76,2 
77570 
775.8 
78,6 
7 955 
80,3 
81,1 
81,9| 57,4 


43,6 
4452 
44,7 
4.353 


46,5 
47,0 
47, 
48,2 
48,8 
4893 
49,9 
| 3955 
51,0 
{ 51,0 
5272 
52,8 


3359 
34,5 
355 1 
556 
36,2 


43,0 


5373 


56,88 


Lat. 


4559 


Dep.] Lat. 


| Dep. 


44,1 


| 447 
4553 


4.5,8 
46,4 
47,0 
47,6 
48,2 
48,8 
49,4 
50,0 


39,5 


35151 
31,7 
5253 
3259 


| 3355 
3441 
3457 | 


$532 
5578 
56,4 
57,0 
57,6 
38, 2 
5 8,8 


FE 


5.5 Degrees 


O3 


54 Degrees 


198 A Table of Difference of 


———Eĩ—Ü— — 


10 


3 x Point 


N 


37 Degrees | 38 Degrees 


© aw} old win i | WE 


00,8 
0156 
02,4 
03,2 
04,0 
04,5 


06,4 
07,2 
o8,0 
08, 8 
09,6 


I cena 


10,4 
11,2 


x56 
I 2,5 
I 3,6 
1455 
1553 
16,1 
16,9 


1757 
| 18, 5 


1953 


Dep. 


Lat. | 


05,0 


Dep. 
00,6 


0152 


015,8 


02,4 
03,0 
03,0 
04,2 
045,8 
0394 


06,0. 


1 06,6 


0751 
075 
08,3 


08,9 
0955 


10,1 


10,7 
[1,3 


1159 
1258 
3 
I 3,7 

1453 


| Lat. 


Lat. 
00,8. 
015,6 
02,4 
035,2 
04,0 
04,8 
9.56 
06,4 
972 
o 8, o 
08,6 


; 


09,2 


10,4 
11,2 
I 2,0 
12,8 
I 3,6 
I 4,4 
15,2 
16,0 
16,8 
17,6 
I 8,4 
I 0,2 


07,8 


12,6 


a — 


Dep. 


Dep. 
00,6 
01,2 
01,8 
02,4 
03,0 
03,6 
04,2 
04,5 
65554 
05,0 
06,6 


08,4 
09,0 
09,6 
10, 
10,8 
[1,4 
I 2,0 


13,8 


I 4,4 
Lat. 


| 09,4 


Dep. 


Lat. 
00,8 
01,6 
02,4 
03,1 
0359 
0457 
O55, 
O6, 3 
07,1 
0759 


08,7 


10,2 
11,0 
11,8 
12,6 
1354 
14,2 
ES 
I 5,8 
16,5 
1753 
18,1 
18,9 


Dep. 
oO, 
01,2 
0158 
02,5 
O 3,1 
0357 
04,3 
04,9 
055,5 
06,2 
06,8 
07,4. 

08,1 
08,7 

0953 
09,5 
10, 5 

11,1 


12,3 
12,9 | 
1355 
14,2 
14,7 


Lat. 


[44 Points 1 53 Degrees 


52 Degrees 


„ 


_ — 
2 


* 


** 


— 


— 3 
% bf Ba = 


» — 


2 
o 


7” | 


Latitude and Departure.. 199 


— 


39 Degrees | 3 + Point | 
Lat. | Dep. | Lat. Dep. 


40 Degrees 
Lat. Dep. . 


i 


00,8 


0155 
24 


0355 


0359 


04,6 
0554 
06,2 
07,0 
07,8 
08, 5 
09,3 


00,7 


O153 
OI,9 
02,5 
03,1 
03,9 
04,4 
© 5,0 
0.57 
06,3 
06,9 
07,5 


00,5 


1,5 
O253 


03,1 


837 


04,6 
0.594 
06,2 
C7,0 
O77 
08, 5 
09,3 


00,6 


O1,3 
0159 
02,5 


O 302 


O 3,5 


00,8 
O1, 
02,3 
O 3,1 
03,5 
04,0 


00,6 
01,3 
0159 


0256 


8372 
8329 


O4⁵4 


6.5.1 


055/ 


06,3 
0750 


07,6 


0554 
©6,1 
06,9 
07757 
08,4 
09,2 


0455 
0.551 
05,5 
06,4 
075,1 
O77 


10,1 


1059 
1156 


1254 


I 3,2 


1379 
14,8 


1523 


16,3 
17,1 
1759 
18,6 
Dep. 


08,2 
08,8 
09,4 
10,1 
10,7 
$4.3 
I 2,0 
I 2,6 
I 3,2 
13,8 
1455 
1551 


Lat. 


10,0 
10,8 
11,6 
1274 
1 
I 3,9 


I 4,7 
15,5 
16,2 
17,0 
17,8 
18,5 


Dep. 


08,2 
08,9 
O 55 
10,1 
10, 8 
11,4 
12,0 
I 2,7 
1353 
14,0 
14,6 
I 5,2 
Lat. 


10,0 
10, 
1 
12,3 
13,0 
135 


14,5 


1553 
16,1 


16,8 


17,6 
18,4 
Dep. 


08,4 


09,9 | 


09,6 
10, 3 
10,9 


8] 11,6 


14, 
1259 
I 335 
I 4,1 
I 4,5 
I 3,4 


1a 


51 Degrees 


＋ Point 


50 Degrees 


© e ks 6 «| Ve 


— 


TS 


04 


200 4 Table of Difference 1 


| 3 x Point | 37 Degrees 38 Degrees 


Lat. | Dep. | Lat. | Dep. | Lat. | Dep. 


S 

= 

25 20-1] 14.9 20.0 15. 0 [19.7 | 15.4 
2620.9 1. 520.8 15.620. 516.0 
27 
28 
* 


217 16.121.660 16.2 21.3 16.6 
22.5 16.7 22.4 16.8] 22.1 1 
23-3] 17.323.217. 422.8 | 17.8 
24.1 IZ. 9 24.0 [18.0 23.6 | 18.5 
24-9] 18.5 24.8 18.6 24.4 19.1 
25-7 19.1 [F. 619.325.219. y 
26.5 19.7 | 26.4 19.9] 26.0 20.3 
27.329.227. 1 20. 5 26.8 f 20.9 
28.1 20.8 27. 921.1 2. 621.5 


28.9 21.428.721. 7 28.4 | 22.2 
29.7 |22.0 29.5 22.3|29.2 | 22.8 
30.5 [22.6 | 30.3 22.9 29.9 | 23.4 
31.3 23.2 31.1 23.5| 30,7 | 24.0 
32-1 23.8 [31.9 24.1|31.5| 24.6 
32.9 24.432.724. 73.325. 2 
33-7 | 25-0 | 33-5] 25.333.125. 9 
34-5 [25:6 | 34-3] 25-9] 33.9 | 26.5 
35-3] 26.2 | 35.1] 26.5| 34.7 | 27.1 
36.1 [26.8 | 35.9] 27.1] 35.5| 27.5 
36.9] 27-4 | 36.7 | 27.7 | 36.2 28.3 
37-7 [28.0 | 37.5] 28.3 | 35.0 28.9 
38.5 | 28.6 | 38.3 | 28.9| 35.8 29.5 
39-3 | 29-2 | 39-1 | 29-5 | 38.6 | 30.2 
40.2 29.8 39.9 20.1 39.4 30.8 
Dep. | Lat. | Dep. | Lat. Dep. | Lat. 
| 4 + Point | 53 Degrees | 52 Degrees 


—— — : — 
* > . . 9% 


Latitude and Departure. 


— 


39 Degrees 3 + Point 


Lat. Dep. 


Fi Degrees 


40 Degrees 


Lat. 


1973 
20,1 


20,09 


6| 21,6 


22,4 
2352 
24,0 
247 
2.353 
26,3 
27,0 
27,8 


28,6 
2954 


30571 
30,9 


8131, 
1 3255 


3352 


34,0 
34,8 
3.5,6 


6| 36,3 


371 
37 


38,6 
er. 


Dep. 


I 5,9 
16,5 
17,1 
17,8 
18,4 
I 9,0 
I 9,7 
20,3 
20,9 
21,6 
22,2 
22,5 
23,5 
2.4,1 
24,7 
2554 
26,0 
26,6 
27,3 
27,9 
28,5 
29,2 
29,8 


3054 
3151 
3157 

Lat. 


Lat. 


19,1 
I 9,9 


20,7 
21,4 


22,2 


23,0 


2.337 
245 


| 2553 


26,0 
26,8 
27,6 


Dep. 


16,1 
16, 


1754 
18,0 
18,6 
19,3 


— 


189 


20,6 
21,2 
21,9 
22,5 
2351 


28,3 
2951 
29,9 
30,6 
3154 
3252 
3259 


335% 


3455 


23,80 
24,4 
25,1 
2.537 


26,4 
27,0] 4 


27,6 


28,3 . 
28, 
29,6 


30,2 


30,9 


3155 
3251 


Lazt. 


42 Points 


50 Degrees 
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1.56.2 


41.0 
41.8 
42.6 
43-4 
44-2 
4.5-0 
43-5 
46.6 
47.4 
48.2 
49.0 
49.8 
50.6 
31.4 
52.2 
33.0 
53.8 
54.6 
5.4 


57.0 
57.8 
58.6 


59-4 


3 7 Point 
Tat. | Dep. 


37 Degrees 


nn 


38 Degrees 


30.4 
31. 0 
31.6 
32.2 
32.8 


33.3 
33.9 


34.5 
35.1 
35.7 
36.3 


— ny 


36.9 


37.5 
38.1 
38.7 
39-3 
39-9 
40.5 
41.1 
41.7 


42.3 


42.9 


43S | 


44-1 


LA. 


40.7 
41.5 


42.3 


43-1 
43.0 


44.7 


Dep. 


30.7 
31.3 
31.9 
32.5 
33.1 


33d 


Lat. 


40.2 
41.0 
41.8 
42.5 
43-3 
44.1 


45.5 
46.3 
47.1 
47.9 
48.7 


49.5 


50.3 
Ly. 


51.9 


52.7 
53-5 


$5443 


34.3 
34.9 
355 
36.1 
36.7 


37-3 


37.9 
38.5 
39. 1 
39.7 
40.3 
40.9 


5.5. 1 


33˙9 


56.7 
57.5 
38.3 
59.1 


— — 


41.5 
42.1 
42.7 
43.3 
43.9 
44-5 


| Dep. 


Lat. 


Dep. 


Lat. 


44-9 
45-7 
46.5 
47.3 
48.1 
48. 9 
49.6 
50.4 
51.2 
5240 
52.8 
53.6 
54.4 
55.2 
33-9 
56.7 
57.5 
$58.3 


Dep. 


Dep. 
31.4 
32.0 
32.6 
33.2 
33.9 
34.5 
33.1 
35.8 
36.3 
36.9 
37.5 
38.2 
38. 8 
39.4 
40.0 
40.6 
41.2 
41.9 
42.5 
43.1 
43.7 
44.3 
44.9 
45.6 
Oat. 


4 + Points | 


53 Degrees 


2 


52 Degrees 


Latitude and Departure. 
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oo 


40 Degrees | 


Lat. | 


39-6 
40. 4 
41.2 
4.2.0 
42.7 
43-5 
44-3 
45-1 
45.8 


46.6 
47-4 
482 
49.0 
49.7 
30.5 
51.3 


52.1 


52-8 


39 Degrees 3 2 points | 


Dep. | Lat. 


Dep. 


þ ©, 


32.1 | 39-4 


40.2 
41.0 
41.7 
42.5 
43-3 


32.7 
33-3 
34-0 
34-6 
35-2 


32.3 
33.0 
33.6 


228 
39» 

40.6 
| 41-4 
42.1 


35-9 44.1 
36.5 
37.1 
37.8 
38.4 


39.0 


39-6 
40.3 
40.9 
41.5 
42.2 
42.8 


53-6 
54-4 
55.2 
55-9 
56.7 
87.5 


Dep. 


43.4 
44.0 
44.7 
45-3 
45-9 
46.6 


| Lat. 


Dep. 


32.8 
33˙4 
341 
347 
354 
36.0 


43.7 | 36.6 


37+3 
3/2 
38.6 
39.2 
ee 


40.5 


41.2 


841.8 


42.4 
43-1 
43-7 


44-4 
45.0 


"51 Degrees] 4 
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[35:4 


| Dep. | 


33.0 


I | 54.2 


56.6 


38.4 
i 5 9.0 


Lat. 


37 Degrees 
— 


51.8 


52.4 
53.6 
54.8 


56.0 


57.2 
57.8 


59-6 
Lat. 


45.1 
45-7 
46.3 
46.9 
47-5 
48.1 


59-9 
60.7 
61.5 
62.3 
63.1 
63.9 


— — —  —— — — 


— — 


r 


38 Degrees 


Lat. Dep. 


59.2 
25 
60. 5 
61.7 
62.2 
63.0 


64.7 
65.5 


48.7 
49.3 
49-9 
50.5 
51.1 
51.7 
$2.4 
53-0 
53.6 
54.2 
54.8 
55-4 
56.0 
56.6 


157.2 
57.8 
58.4 
59.0 
| 59.6 


60.2 
Dep. | Lat. 


—— 


63.8 
64.6 
65.4 
66.2 
67.0 
67.8 
68.6 
69.3 
70.1 
70.9 
71.7 
72.5 
7 3-3 
74.1 
74-9 
75.6 
76.4 
77.2 
78. o 
78.8 


Dep. 


46.2 
46.8 
47.4 
48.0 
48.6 
49-3 
49-9 
50.5 
"SL 
$67 * 
$2-3 
52.9 
53.6 
54.2 
54-8 
335-4 
56.0 
56.6 
$7-3 
37-9 
58.5 
59. | 
39-7 
60.3 
60.9 
61.6 | 


Lat. 


4 4 Points 


53 Degrees 


52 Degrees [ 


— 


„ 


UF 
* 
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39 Degrees | 3 L point 40 Degrees] S 
Lat. Dep. Lat. Dep. Lat.] Dep. 7 


58.3 | 47-2 | 55-0 47.6 | 57-4 | 458-2] 75 
59-1 | 47-8 | 55-7 48.2 | 58.2 45-9 76 
59.8 | 48.5 [59-5 | 48-8] 59-2 | 42-9 T7 4 
60.6 | 49.160. 3 | 49-5 60.7 | 50-1 | 78 
61.4 | 4.9.7 | 61-1 | 50-1 60.5| 50.879 
62.2 | 50.3 | 61.8 | 50-7 61.2 | 51-4 | 50 
62.9| 51-0 62:6 | 51.4 | 62.0 | 52-1 | 51 
63.7 | 51.6 | 63-4 | 52-2 62.8 | 52.7 | 82 
64-5 | 52-2 | 64-2 52.6|63.6|53-4|53 
65.3 | 52.9 | 64-9| 53-3 | 64-3 | 54-0 $4 
66.1 | 53-5 | 65-7 | 53:9 65.154.685 
66.8 | 54.1 | 66.5 54.6 | 65.9 | 55-3 86 
67.6 54.8 [67.2 55.2 | 66.6 | 55-9 | 57 
68.4 | 55-4 | 68.0 55.8 | 67.4 | 56.6 | 88 
69.2 | 56.0 68.8 | 56.5 | 68.2 | 57-2] 59 
69.9| 56.6 69.6 | 57-1 | 68.9 | 57-4] 90 
70.7 | $7.3 [70-3] 57-7 | 69-7 | 5:5] 91 
71.5} 57-9] 71 58.4 | 70-5 | 59-1 | 92 
72.3 58.5 71.9] 59-0 [71-2 59.893 
73.0 | 59-2 | 72-7 59.6 | 72-0 | 60-4 | 94 
7 3.8 59.5 73.4 60.3 72.8 61.1 95 
74.6 | 60.4 | 74-2 60.9 | 7 3-5| 61-7 96 
” 5.4 | 61.0 | 75-0 61.5| 74-3] 62-1 | 97 
76.2 | 61.7 | 75:7 62.2 |75.2| 63.0 | 95 
76.9 | 62.3 76.5 | 62.8 | 75-5 63.699 
77 7162.9 22-3 63.4 | 76.6 | 64.3 | 100 
| Dep. | Lat. | Dep. | Lat. Dep. Lat. a3 

51 Degrees | 4 * Point | 50 Degrees | Q 


| 


1 


206 A Table of Difference of 


5 


| AG Þ wo be mu 


—— — — 1 | 
fs GO 


18 


[ 41 Degrees 


42 Degrees 


K. 2 Points 


——— 


Lat. 
00,7 
01,5 
9253 
03, 
03,8 


04,5 


04,3 
06,0 
06,8 


07,5 


08, 3 


09,1 


O9, 8 
10, 6 
41.3 
12,1 
125,8 
13,6 


14,3 
IS,1 
I 5,8 
16,6 
17,4 
IS,1 


Dep. | 


— _— — 


Dep. 


oo 
01,3 


92, 


02,6 
03,3 


O35 


04,6 
0.5, 2 


85 


06,6 
07,2 


07,9 


08, 5 
O 95,2 
O9, 8 


10, 5 
11,1 


11,8 
—— LIw 


12,5 
13,1 
13,8 
1454 
1571 


2 


Lat. 


Lat. 


O0, 7 
D155 
O2,2 
© 3,0 
03,7 
04,5 
0552 
05,9 
06,7 


07,4 
08,2 


08,9 


O97 


10,4 
11,1 


12,9 


1256 


1374 


14,1 
14,9 
I 5,6 
16,3 
1751 
17,8 
Dep. 


00,7 
01,3 
O2, o 
02,7 
03,3 


04,0 


04,7 
0593 
06,0 
06,7 
07,4 
08,0 


08,7 


09,4 
I 0,0 
10,7 


11,4 
I 2,0 


I 2,7 


1354 
14,0 
147 


154 
16,1 


Dep. 


Lat. 
O0, 7 
O1,5 
02,2 
©3,0 
03,7 


05,2 
05,9 


0754 
08,1 


08,9 


09,6 
10,4 
11,1 


12,6 


1352 


145,1 
145,8 
1.5, 6 
16,3 
17,0 
17,8 


Lat. 


04,4 


06,7 


Dep. 


| Dep. 


00,7 
Ox, 3 


02,0 
9 


03,4 
04,0 
0457 
0.554 
06,0 
06,7 
074 
08,1 
08,7 


09,4 
IO,I 


10,9 
11,4 


12,1 


12,8 


135,4 


14,1 
14,8 
1554 
16,1 


Lat. 


49 Degrees | 


48 Degrees 


4 + Point 


| 
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— 


43 Degrees 


44 Degrees 


0 Point | 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


00, 7 
n 
0472 
O2, 
9370 
0454 
0.5, 1 
05,8 
06,6 
O73 
O8, 
08,8 
9 
10,2 
115,0 
11,7 
1254 
13,2 
1359 
14,6 
I 534 
16,1 
16,8 
175 


Dep. 


OO,7 
O154˖ 
O250 
0257 
03,4 


0451 


0458 
0555 
O6,I 
06,8 


0755 
08,2 


907 
01,4 
0252 
oa, 

935 
0453 
O.55 0 
057 
06, 5 
07,2 


07,9 
08,6 


08,9 
09,5 
I0,2 
10,6 
I1,6 
I 2,3 
I 3,0 
1356 


14,3 


1.550 
I 5,7 
1 6,4 


Lat. 


09,3 
10,1 


10,8 
1,5 
12,2 
1259 
1357 
14,4 
A 
15,8 
16,5 
17,3 


00,7 
D174 
02,1 
0258 
924 
04,2 


04,9 


0 5,6 


06,2 


06, 9 


07,6 
08,3 
09,0 


095% 
105,4 
1171 
1 1,8 


1255 


1352 
I 3,9 
I 4,6 
1573 
16,0 


16,7 


00, 
D174 
02,1 
0258 
0355 
04,2 
04,9 
O57 
06,4 
07571 
07,9 
O8,5 


09,2 
0979 
10,6 
1153 
I 2,0 
I 2,7 


I 3,4 
I 4,1 
I 4,5 
1555 
1673 
17,0 


Dep. 


OO,7 
O1,4 
02,1 
02,8 
0355 


04,2 


04,9 
0597 
06,4 
O7,1 


07,8 


08,5 


09,2 


0979 


10,6 


I 1,3 


1250 


1277 


I 3,4 
I 4,1 
1478 


1555 


16,3 


17,0 


Dep. g Tan; Dep. 


Lat. 


47 Degrees 


46 Degrees 


Point 


\© „ © | ld 


2 
- 


* 
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* 


32 Point 
Lat. | Dep. 


42 Degrees 
Lat. | Dep. 


41 Degrees 
| Eat. Dep. 


| 18.9 


4 


I 9.6 


20.4 


21.9 


22.6 


21. I. 


16.4 
17.1 
17. 
18.4 
I 9.0 
I 9.7 


I 8.6 


23.4 


24.1 


24.9 
2 
26.4 
27.2 
27.9 
28.7 
29.4 
30.2 
31.0 
31.7 
32.5 


20. 3 
21.0 
21.6 


425 


| 22.0 


23.6 


"2443 


24.9 
25.6 
26,2 
26.9 
7 
28.2 


33.2 
34.0 
347 
35.5 
36.3 
37.0 


37-7 


28.9 
29.5 
30.2 
30.8 
31.5 
32.1 
32.8 


— 


19.3 
20.1 
20.5 
Dl. 
22.3 
23.0 
23.8 
24.5 
2.543 
26.0 
26.7 
27.8 
28.2 
29.0 
29.7 
30.5 
31.2 
31.9 
32.7 
33.4 
34.2 
34-9 
35-7 
36.4 
37.2 


I 6.7 
17.4 
18.1 
18.7 
19.4 
20.1 
20.7 
21.4 
22.1 
13.7 
23.4 
24.1 
24.7 
25.4 
26.1 
26.8 
27.4 
28.1 
28.8 


29.4 
30.1 
30.8 
31.4 
32.1 
32.8 
123 


18.5 
19.3 
20.0 
20.7 


£1, 
22.2 


2.3.0 
255 
24.4 
25.2 
25.9 


26.7 


27.4 
28.2 
28.9 


29.6 


30.4 


31.1 
31.9 
32.6 
33-3 
34-1 
34-8 
35-6 
36.3 
37.0 


I 6.8 
17.4 
18.8 


19.5 
20.1 


— 


20. 8 
21.5 
22:2 
22.8 
23.5 


25.5 
26.2 


26.9 


28.2 


28.9 
29.5 
30.2 
30.9 


32.2 
32-9 


18.1 


24.2 
248 | 


7, c 


31.6 


33.6 | 


Dep. | Lat. 


Hove Dep. | Lat. t. 
44 Point 


** Dep.] Lat. 
| 49 Degrees | 


48 Degrees 


L 


2 


Win and Departure. 
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EE 


vr ot ee „„ 


4 43 Degrecs, 14 


44 Degrees 


— ana ell nts Pn IR de + 


4 Points N 


.| Lat. 


355] 
19.0 
19.7 
20.5 
21. 2] 


21.9 


17.1 
17.7 
18.4 
19.1 
19.8 
20.5 


22.6 
23. 4 
24. 1 

24.9 


257.6 


26.3 


21.1 
21.8 
22.5 
23.2 
23.9 
24.5 


20.9 
21.6 


18.0 
18.7 
19. +] 18.8 
20.1 


; Dep. 


17.4 
18.1 


19.4 
„ 
20.8 


22.3 


2 * 


252 
25-9 


"0 
27.8 
28.5 


29.2 


| 30.0 


30.7 


31.4 


25.2 
25.9 
25.6 


27.3 
28.0 


28.6 


29:3 


26.6 


27˙3 
"72 


28. 8 
29.5 
30.2 


FE 


32.9 


: 33-6 


34-4 


3 
35.8 


36:6 


30.0 
30.7 
31.4 

32. 1 
32.7 
33.4 
34.1 


371 
3Þ1 
33-5 
345 
35-2 
36.0 


Dep. 


Lat. 


Pep. 


23.0 


24.6 


31:6 |, 


21.5 
22.2 
22. 9 
23.6 
24-3 
25.0 
25.7 
26.4 
27.1 
27.8 


31.3 

2.0 
17 6 
33˙3 
34.0 
347 
Lat. 


28.5 
| 29-2 


30.9 | 29-9 


Lat. «|| 


Dep. 


17.7 
18.4 
19.1 
19.8 
20.5 
21.2 


21.9 
22.6 
243 
24.0 
24.7 
25-4 4 
26.1 
26.9 
27.6 
28.3 
29.0 
29.7 
30.4 


1 wo! 
I 8.4 


19.1 


19.8 


20.5 


21.2 


21.9 


22.6 
23.3 
24.0 
24.7 
25.4 


| 26.1 


26.9 
27.6 
28.3 
29.0 


29.7 


30.4 | 


30.6 


31.1 
31.8 
32.5 
33-2 
33-9 
34-6 
35-3 


Dep. 


J Degrees 


31.1 
31.8 
32S 
om 


33-9 
34-0 


353 


Lat. 


4 Points 


— 


P 


A Table of Difference of 


41 Degrees 
Lat. 


38.5 

39.2 
40.0 
40.8 
41.5 


42.3 


33-5 
34.8 


Dep. 
34-1 
35-4 


36.0 
36.7 


42 Degrees 
| Lat. 


37-9 
38.6 
39-4 
40.1 
40.9 
41.6 


32 


Dep. 


34-1 
348 
35S 
36.1 
36.8 


43.0 


43-8 


44.5 
45.3 
46.0 | 
46.8 


47.6 | 
48.3 
549.1 
49.8 
7 | 50.6 


$1.3 


$2.1 


52.8 


3.6 


54.3 
55.1 


| 35-9 


Dep. 


| 44-0 
44-6 


37-4 
38.1 
38.7 
39-4 
40.0 
40.7 
41.3 
42.0 
42.6 


43-3 


43˙3 
48.9 


46.6 


47-2 
47-9 
48.5 
Lat. 


42.4 
43-1 
43-8 
446 
45-3 
46.1 
46.8 
47-5 
48.3 
49.0 
49.8 
50.5 
51.3 


38.8 


46.8 


38.1 


395 
40.1 


40.8 


41.5 


42.2 
42.8 
43-3 
44-2 
44-8 
45-3 
46.2 


47-5 
48.2 
48.8 


49-5}. 
18 


Lat. 


40.3 
41.0 
41.6 


42.3 
43-0 
43.6 
44.3 
45.0 
45.7 


1146.3 


47.0 
47-7 
48.3 


: 49.0 


49-7 


45 Degrees 


48 Degrees 47 Points 


* —— 


” 0 


* and Departure. [nw 


* 


. * 
43 Degrees 44 Degrees | 4 L 4 Points Yo S | 
Lat. | Dep. | Lat- Dep. | Lat. Tat. | Dep. P 
37.3 34-8| 36-7 | 35-4 | 36-1 36.1151 | 
38.0 35-5| 37-4 36.1 | 36.8 36.8] 52 | it 
38.8 36.1 | 38.1 36.8 | 37-5 | 37-5] 53 | 1 
39.5 36.8 38-5 | 37-5 38.238.254 i 
40.2 | 37-5| 39-6] 38.2 | 38-9 | 35-91 55. | it 
41.0 | 38.2 | 40.3 38.9 39.6 39.6 56 l | i} 
41:7 38.9 476 39-5 | 43-3 | 49-3] 57 | i 
4244 | 39-5 | 41-7 | 40-3 41.0 | 41.0 58 4 


43.1 40.2 | 42-4 | 41-0 41.741.759 | 
43-8 | 49-9 43-2 | 41.7 | 42-4 | 42-4 60 iq 
44-6 | 41.7 | 43-9 | 42-4 | 43-1 | 43*0 61 
46.3 | 42-3] 44-6 | 43-1 43-8 | 43-8 | 62 
46.1 43-01 45-3 | 43:3 | 445 [44-5 63 K 
46.8 43-6] 46-0 | 44-5 | 45-3 [43:3 64 q 
47.5 44.3 46-8| 45-1 | 46.0 46.0 | 65 
48.3] 45-9 | 47-5 45-8 | 46.7 | 46-7 | 66 
49.0 | 45-7 [48-2 | 46.5 | 47:4 | 47:4 67 
49.7 46-4 48.9 | 47-2 | 48.1 | 48-1 68 
Jo. 5 47-1 49.6 | 47-9 48 848.869 
51.2 | 47.7 30.3 48.6 | 49-51 495 | 70 
$51.9 | 48-4 | 51-1 | 49-3 50.2 50.2|71 
| $2.7 | 49-1 51.8] 50.0 | 50.9 59-9| 72 
73 
78 


53-4 | 49-8 | 52-5 | 50-7 51.6] 51.6 
54-1 | 50-5 | 53-2 | 51:3 $2+3 | 52-3 
Dep. | Lat. | Dep. | Lat. | Dep.] Lat. 2 
47 Degrees "46 Deg Degrees: 4 Points 2 


2 2 


A Table of Difference of 


41 Degrees 


42 Degrees 


ng. 


3 x Loints Points 


Lat. 


37:4 
58.1 
38.9 
59-6 
60.4 
61.1 
61. 17. 


62.6 
63:4 


64.2 
64.9 
65:7 
66.4 
25 
655 
69.4 
79:2 


| 71.0 


71.7 


672.5 
73.2 
7 4-O | 
1-74-7 ].6 
75-5 | 05: 
Dep. 


Dep. 
B 
49-9 
39-5 


56.6 


5445 


57.1 


1.2 
51.8 
[52-5 
33.1 


35.1 
35-9 
56.4 


57.7 
58.4 
59.0 
59.7 
60.4 
61.0 


Lat. 


p. Lat: | 


þ nc 


55-7: 


56.5 
57.2 
58.0 
58.7 
39.4 
60. 2 
60.9 
61.7 
62.4 
63.2 


63.9 


64.7 


65:4 
66.1 | 59.6 | 


60:2 | 


60.9 


66.9 


67.6 


68.4 
69.1 


69.9 


3 | 70.6 
071.3 


72.1 
72.8 
7 3-6 
743. 


50.2 
50.9 
51.5 
52.1 
52.8 


3.5 


Lat 


55.6 
56.3 
57.1 
57.8 
58.5 
59.3 


56.2 
56.9 
[575 
38.2 64.5 
38. 9 | 


62. 2 


34.2 
54.9 
335-5 


61.6 


62.9 
63.6 
64.2 
64.9 
65. 6 
66.2 


Dep. Lat. 


60.0 
60.8 
61.5 
62.2 
63.0 
63.7 


. | Dep. 


504 
51. o 
51.7 
52.4 
33.1 
33.7 
54-4 
SZ+T 
557 
56.4 
37.1 
22 
58:4 

S. i 


49 G | 


48 Degrees | 


4 


© Latitude and Departure. 
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. 


Lat. 


54.8 
55.6 
56.3 
57.0 
57.8 
58.5 
39-2 
60. 
60.7 
61.4 
62.2 
63.0 
63.6 
64.4 
65.1 
65.8 
66.5 
67. 3 
68.0 
68.7 
69.5 
70.2 
70.9 
71.7 
72.4 
7 3-T 


Dep. 


43 Degrees 


Dep. 


44 Degrees 


| 4 Points 


E 1 
At. 
. i #4 # a3 


Dep. 


Lat. 


| Dep. 


11. 
51.8 
52.5 
33.2 
33.9 
54.5 


33-9 
54-7 
534 
56. 17 
56.8 


375 


$2.1 
52.8 
33-3 
54-2 
34.9 
5. 


53.0 
337 
344 
55-2 
33-9 


6 56.6 


58.3 
59.0 
59-7 
60.4. 
G1.1 


61.9 


56.3 
57.0 
57-6 
58.3 
59-0 
59:7 


66.1 
66.8 


67.5 
68.2 


Lat. 


0 | 63.3 
4 | 04-7 


| 66.9 


62.6 
64.0 


65.5 
66.2 


60.4. 
61.1 
61.8 
62.5 
63.2 
63.9 


64.6 


67.6 
3 
1 
69.8 
70.5 
71.2 
71.9 


65.3 
66.0 
66.7 
67.4 
68.1 
68.8 


69.5 


37+3 
58.0 
58.7 
© 
60.8 
61.5 
g 2.2 
2. 
63.5 
64.3 
6.5.0 
65.8 


66.5 


67.2 
67.9 
68.6 
69.3 
70.0 
20.7 


59.4 


53.0 
33.7 
34.4 
$52 
55-9 
56.6 


—— ñQ—Uä— 2 


$7.3 
58.0 
58.7 


60.1 
60.8 


61.5 
3 
2; 
55 
64.3 
65.0 
65.8 
66.5 
pong 
68.6 
69.3 


70.0 
20.7 


Dep. 


Lat. 


Dep. 


Lat. 


— 


47 Degrees 


46 Degrees 


4 Points 


P 


a 


2 


COMPENDIUM 
CURRENT SAILING. 


- Ui 4 1 
LAS MM nn rn A. * * * 
* 2 f — 


8 KE C . IK. 


VERY Ship that ſails, moves thro' 
two Mediums, Air and Water, and 
ſhe has a Force ( which gives her 
Motion ) impelled upon her, ſome- 

| times from one, ſometimes from the 
other, and ſometimes from both : Now, when 
either Force acts upon her ſeparately, ſhe then 
moves according to the Direction of that Force 
diretly; but when both Forces act upon her 
jointly, then ſhe moves according to the Direction 
of neither, but receives a Motion compounded of 
both, as will appear from what follows. 


Suppoſe a Ship at A, and the Wind blew di- 
rely to B, if the Water has no Motion, then 
will the Ship move on directly toward B, but if 
the Water has a Motion from A towards D, and 
the Force of the Sea equal to that of the Wind, 
—— — —— — f. 
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notwithſtanding the Ship ( by the Steerſman ) is 
directed towards B, it will not arrive there; but, 
inſtead of the Point B, will arrive at the Point C; 
that is, the Ship's Track will be the Diagonal of a 
Square: But if the impelling Force of the one, be 
ſtronger than that of the other, then the Track 
deſcribed by the Ship, will be the Diagonal of a 
Parallelogram. The Motion of the Water is 
called the Current, and the eſtimating the Ship's 
Way from the two Forces jointly acting, called 
Current Sailing. | 


8 C 


8 | 


A B 


So that, conſidering what has been ſaid, we 
may juſtly raiſe the following Obſervation, That 
if both Forces tend dire&ly the ſame Way, that 
then the Current of the Water is a great Addi- 
tion to the Wind ; and, on the contrary, that if 
they are oppoſite, that the Current ſtops the 
Ship's Courſe, 'This being ſo very plain, a few 
Examples will be enough. 


P 4 EX 
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ET? 4-4.4f 


"EXAMPLE . 


If a Ship ſails N. E. 110 Miles in 15 Hoey, REY a 
Current is found' to ſet S. S. W. at the Rate of 
rwo Miles an Hour, it is required to find” the 
Sb p s true Courſe and DNR. 


8 aa GROMETRICALLTY. 
| Hhning F* MEN the Circle N E SW, * in it 


the Points N E and 88 W, upon the N E Courſe 


ſet off 110 from A to 2 then is C the Place 
where the Ship would have been, had ſhe been 


acted upon by the Force of the; Wind only. 


5 8 
3 
* 

* 


* 
. * # 
"4 9 
- * „ 
* 1 
bon F ". 
. * 
* 
” 
* 43 vis 4 
1 FE þ 
Fo 
9 . . 
„ 11 1 ; 1 1 * f i 
” 4 . 3 14 - V Fx 


Then om C draw on 0 = 30, „Miles the Ve- 
locity of the Current in 15 Hours) parallel to the 
SSW Line, then is B the true Station of the 
Ship when acted upon by the Force of both Wind 
and Water. 

And AB the true Diſtance failed, and the 
—_ NAB the true 9 of the Ship's $ Courſe. 


By 
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5 By the Logarithms. 4 

As the Sum of the Sides AC wy CB 
. 

Is to the Düne bs the Sides 


8 21461180 


— 80 as © — 81 - ä 1,9030900 
80 1 is the Tangent of 2 the, Sum 0 
the Ls A and B 785 455 3 den 


_— CC —— 


} 104583002 


To 1 Tailgear of 4 L their Differ 
ence = 70? 49 - 


Hence the Angle at A will be founi to be 510 
56“ Eaſterly, conſequently the Ship's true Courſe 
will be North 52 56“ Eaſterly, or NE 7 56/ 
Eaſterly; and for the Diſtance failed, 


As the Sine of the Angle at A == 7 56“ 9,1399445 


Is to the Drift of the Current 30“ 1,4771213 
So is the Sine of the L at C = 22 af 9,5828397 


'To the Diſtance run 83,18 Miles - 1,9200165 
By the Siding Scale: 


Place 140 on the Line of Numbers, againſt the 
T. angent of 78 45, and then 80 on the Line of 
Numbers, will be againſt 702 49“ on the Tangents. 
Again, : 

Place the Sine of 5 56, - againſt 30 on the Line 
of Numbers, and 22 3o' will be inst. 83,18 
Miles, the true Diſtance r run. 
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EXAMPLE II. 


Suppoſe a Current ſetteth Baſt two Miles an Hour, 
and a Ship ſails South fix * an * what 
is ber true Courſe and Diſtance ? 


GEO METRICALLY. 


© Deſcribe a Circle, as in the foregoin "g Problem, 
and ſuppoſing the Ship at A, ſet off from the 


: Scale eFooual Parts 6 Miles from A to B. 


"Then, from the ſame Scale, ſet off 2 Miles 
from B to C, in ſuch a Manner, that B C may 
be parallel to W E; then draw AC, and. your 
ork is finiſhed, 


TR IGONOMETRICALLY. 


In the right-angled Triangle ABC, there is 
given the — 9 A 5 and B C, to find the Angle 
A, and the uſe AC: Thus, 


As AB=6 „5,8751 


Is to the Radius — 5 1 n 
So is the Leg CB 2 0, 301030 


To the Tangent of (A = 18* 26' 9, 5322889 
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Again, 
As the LA =18* 26 - - - 94499963 
Is to the Leg BC 2 » = 0301030 
So is the Radius - - - 10,000000 


r 


To the Hypothenuſe A C = 6, 33 80 065 
By the Sliding Scale, 


Place 6 on the Line of Numbers, againſt 45 on 
the Tangents, and 2 on the Numbers will be 
againſt 18“ 26/ on the Tangents. Again, 

Place 18 26“ on the Line of Sines, againſt 2 
on the Line of Numbers, and then 90 on the 
. Sines, will be againſt 6,33 on the Numbers = the 
Diſtance failed. ES | 


EXAMPLE in 


A Ship coming out from Sea in the Night, bas Sight 
of Scilly Light, bearing NE by N, Diſtance 
four Leagues, it * then Flood Tide, ſetting 
ENE about two Miles an Hour, the Ship run- 
ning after the Rate of 5 Knots an Hour, I de- 
mand upon what Courſe ſhe muſt ſail, and bow 
far, to hit the Lizard, it bearing from Scilly E 
+ 8, Diſtance 17 Leagues? 


SEO METRI CALL. 


Having drawn the Circle NESW as before, 
let A repreſent the Place of the Ship at Sea, and 
draw NE by N, Line AS = 12 Miles, then 
will S repreſent Silly. 


From 


nr — 
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From S draw SL equal to 51 Miles, and pa- 
rallel to the E S Line, then will L be the Place 
of the Ligard. 

Draw LC = 2 Miles, and parallel to the E N 
E Line, and CD =. 5 Miles; and parallel to it 
draw A B *till it meet LC produced in B, then 
will AB be the Diſtance required, and the LSA 
B the true Cores. | 


TRIGONOMETRICALLTY. 
In the Triangle ASL there is given AS = 12 
Miles, and 8 L = 51 Miles, and the Angle ASL 
==118? 7\,+ = 10 2 Points = Diſtance between 


the NE by N and. WZ N, whence to find the 
LS A ; 5. by Caſe III. of Trigonometry. 


"As his Sum of the Sides A * and 


= SL = 63 . I 1,99 3405 
To their Difference 39 os Sheng hog 1,5910646 
So is the Tangent of - the £8 A; 
and L. = 30 6% 4 9171684 
To the Tan ent "of 4th r Dig , | 
ee 210 o * | 251 925693525 


1 Whence the 2 A will be found. equal. to 
516 17, and conſequently the direct Bearing of 
the Ship from the Lizard, is N 85* 2“ E or E by 
N 6 17 E, and for the Biſtance it 1 be, 4 

m 8 


8 Cunzur SA. *D2 1 


As the Sine of the L A 510 * 9,8922329 


2 - "4 * a : 


To ta «Diſt. ow Silly to the Liz. 2 I,70757102 
SglztheSipe ot th atS = 1185 % 9,9454298 


. 2 - P 
To the Diſtance between' the bz 
and Lizard 51,65 Miles 


— 


1.006 


Again, In the Triangle DLC, are given the 
L at L. = 7 32% the Diſtance between the EN E 
and the N 85 2, the Side CI. = the Current's 
Drift in an Hour, equal to 2 Miles ; and the Side 
CD, the Ship's Diſtance, run in the ſame Time 
equal to 5 Miles, thence to find the . at P. 


As the Diſtance run C D = © ts 5, 6989 500 
Is to Drift of Current I. C = = 2 Miles 0,3010300 
So is Sine of er 175 35. —9:4789423 


"> — — ICH *— 


ra che Sine of the C. D = 6 55/ ,.. g,0810023 


Hence, becauſe wie Angie CPI. B AL., 
the Courſe the Ship muſt ſteer, is S 83 7 B's 
and for the Diſtance. it\will be, 8 n 


As the Sine of the LC=155 Fae its e 


Is to the Diſtance between the > Ship 
and Lizard 57,65 - = * 7576601 
So is — at L = == = 17? "= 21 954789423 
II — 


To Diſtance ſhe muſt Ga 41,96 Miles I 56228 150 


So that the Ship in failing 8 Hours 24 South 
TY 3 2.) will arrive ak the Lizard. 


IS * 
2 * 
8 * 
1 
; £45 * 
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| 237 Heh drawn from the Middk Latitude, 
1440 agreeing with e 8 Aa 


— 


SECT. X. 


To find the Middle Lattitude, always add the Latis 
tude you are come from, to the Latitude you are 
Come to, a and * the Sum is tbe A; noe 


| CASE L © TI 

Both Latitudes and Difference of itude of two 
Places given, to find the Courſe at Dane 
EXAMPLE. 6 


A Ship ſails from the Latitude of 45 3 of North, 
_ between the North and the aft, "till ſhe arrives 
in the Latitude of 500 10', and then finds her 
Difference of Longitude 86 1 &, 1 . ber 
Courſe and Diftance ? 


— 2 HIS Way by Middle Latiende, de- 
© [Ti IK ns upon this following Theorem. | 


* As the Coſine of Middle Lattitude, | 
ls to the Tangent of the Courſe ; 
So is the Diff. of Lat. in Miles or Leagues, 


To the Diff. of Long. in Miles or Leagues. 
"0 


1 


A Comrtnpivu of, ke. * 


82 16' 
50 
4 6 equal to the Difference of Longirude 
50 100 
45 30 


Difference of Lat. 4 40 equal to 280 


The Sum 95 40 
— 


The Half 47 50 equal to Middle Lat. 


0 delineate this, with the Chord of 60®, and 
upon the Centre C, ſtrike a Semicircle, and draw 
the Diameter A E, and draw OD at right nn 


thereunto. 


* + 
5 1 


Set the Difference of Latitude from A to B, 
and draw BI perpendicular to A F. 

Set the Middle Latitude from O to K and L, 

and draw K L to cut DO in H, make CE equal 
to CH, and make E F equal to A B, and draw 
FG parallel to BI, and ſet the Difference of Lon- 


gitude given, from F to G, and draw the Line 
EG 


224 . AC END of 


EG to cut O D in the Point D. Lay a Ruler 
upon A and the Point D, and draw the Line 
ADI to cut BI in I, ſo mall AI, being mea- 
ſured upon the ſame Scale of equal Parts that 
AB and F G were laid down by, ſhew the Di- 
ſtance required; and the Angle BAI is the 
Courſe, and BI the ä 


As Difference of Lat. EF = AB 280 7, 582842 
Is to the Difference of Long. FG 496 2,69 5482 


So is Coſine of the Middle Las. RE 

47 50 + 2 9:826930 
To theTang of the Courſe BAI 49 9:56! 20,07 52 54 
Deig 0 f p | 5 6 
As Conne, Cours 405 4 Ars -  9,89866g 
To the Difference of Latitude 230 2,447158 
So is the Radius 10, ooo 
To the Diſquce 1 run 43 3 ee —— - 2,638489 


As Radius to the Difference of Lat. 280 2,1471 58 
801 is the Tang. of the Courſt 455 560 1009 52 54 


R 


To the — 333 BI. 2 21522412 
N * wb 
STS} S785 of 6 5114 132 
4 n % 88 
1 bet Tr 1171.1 3147 142 
20 t k OG A wi ban 
„b f 5 * an WL. « 0 CASE 
w £277 ' \ 4 1 8 b 1 5 x} 6 
1 1 1 0 ig 90412! 


Sailing by Middle Latitude. 225 


GALS. 


Both Latitudes and Courſe given, the Diſtance, Dif- 
ference of Longitude, and Departure, requir d. 


EXAMPLE. 


A Ship being in the Latitude of 30 North, ſails 
NNW+W, until ſhe arrives in the Latitude 
of 329 29“: I demand the Diſtance, Difference 
of Longitude, and Departure? 


O / O 


32 29 
Latitude 62 39 The Suit. 


30 oo 


— oo 9 


Difference 22 39 31 19 Middle Latitude 
60 | 


ES 


159 Difference of Latitude. 


Geometrical Projettion. 


2 I'TH the Chord of 60, and one Foot in 
C, deſcribe the Semicircle AOKS, {er ' 
the Difference of Latitude from A to B, taken 
from the Line of equal Parts, and draw a Per- 
pendicular I B; ſet the middle Latitude from O 
to K and L taken from the Chords, and draw K L; 
ſet the Diſtance C H from C to E, and the Di- 
ſtance AB from E to E, and then draw the Per- 
pendicular FG; on the Point A make the Angle 
of the Courſe NN WA W, 31 18% till it cut 
BI in I and OC, continued in D; then draw 
D E till it cut FG in G, and the Projection is 
finiſhed. The Parts are the ſame as in the laſt, 


Q A3 
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As C. of middle Latitude 31? 19' - 0, 068386 
Is to the Difference of Latitude 1 59 2,201397 
So T. of the Courſe 30? 56' - - = 9,777628 


— — — — 


To the Difference of Longitude 111, 2,0470411 


As C. of Courſe 59 4 AIB - 95933369 
Is to the Difference of Lat. 159 AB 2, 201397 
So is the Radius = = - Io, ooo 


ꝗ—à—᷑äũͤ 


To the Diſtance 185,4 41 2,2680285 


As Radius — n I0,00000 
To the Difference of Latitude 159 - 2,201397 
So is T. of the Courſe 30? 56 BAI 9,7628 


— — — — 


To the Departure 95,28 BI - 1,9779025 


N. B. C fands for the Comp. Arith. of the true 
Log. or the true Log. ſubtrafted from 10,00000. 


CASE 
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CASE IM 
Horb Latitudes and Diſtance given, the Courſe, 


Difference of Longitude, „ and Departure, re- 
qui wa. . 


E X AMP L E 


A Ship in the Latitude of 45 10 North, fails bes 
tween the North and Eaſi until ſhe arrives in the 
Latitude of 50 300, and then finds her Diſtance 
run 195 Leagues; I demand her Courſe, Diffe- 
rence of Longitude, and Departure ? 


$09 302 Sum 952 4 


47 F9 - 
u TIT obo ons 
Diff of Lat. 5 20 = 310 Latitude, 


Geometrical Projection. 

I'TH the Chord of 60, and one Foot in 

O, draw the Semicircle AO F; draw OC 
perpendicular, and continue it on towards D; ſer 
the middle Latitude from O to K and L as 
before, and draw LK; make CE = OH. Then 
ſet the Differenee of Latitude from A to B, taken 
from a Scale of equal Parts, and from E to F; on 
B and F erect Perpendiculars BI and FG. Then. 
the Diſtance failed taken (from the Scale of 
equal Parts) in your Compaſſes, ſet one Foot in 
A, with the other croſs BI in I, and draw AT, 
whicti cuts DO in D; then draw E G, which 
finiſheth the Projection, the Parts being tlie fame 
as in the laft. 


Q 2 As 
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As the Diſtance A1 58 5 Miles „ S,70716 


Is to the Radius WES - I0,00000 
| So is the Difference of Lat. AB 310 _ 2,49136 


To the C. of the Courſe AIB 30? = .9,72420 
So the Courſe is N EU E 1% 45/ Faſterly. | 


| 5 * 
As C. of the middle Latitude 4) 5o' o, 17307 
Is to the Difference of Latitude 310 2,49 136 
80 T. of the Courſe n '= = 10,20421 


— — 


To the Difference of Longitude 739 2,86864. 


r 1 0,00000 
To the Diff. of Latitude 310 2,49136 
So T. of the Courſe 589 — 10, 20421 


—— — 


To the Departure 496,1 TRL = _2,69557 


G 
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CASE IV. 


Both Latitudes and Departure given, the Courſe, 
Diſtance and Difference of Longitude required. 


EXAMPLE 
A Ship in Latitude 40. 3o' North, ſails between 
the North and Weſt until her Departure is 450 
Ailes, and then finds her Latitude 51* 20'; I 
demand her Courſe, Diſtance, and Difference of 
Longitude ꝰ 


50 20d 
40 30 


by 


5 Sum 91 50 


. Midd. Latitude. 


As the Difference of Latitude A B 6 50 2581291 
Is to the Departure BI 459 - - - 2, 65321 
80 is che Radius. - _ - . - Teo 


2; — — — 


To T. of the Courſe 34% 42' - - 9,84030 


Geometrical Projection. 


IT H the Chord of 60, and one Foot in 

C, draw a Semicircle, and on C draw DO 
perpendicular to F A, and the Chord of the mid- 
dle Lat. ſet from O to K and L, and draw K L, 
make CE = CH ; from the equal Parts ſet the 
Diff. of Lat. from A to B, and from A to F, and 
make IB and G F Perpendiculars to FA; from 
the equal Parts ſet the Departure from B to I, 
and draw I A, which cuts DO in D; thro' DE 
draw GD *till it cut GF in G, which finiſheth 
the Projection; the Parts are as before. 


Q 3 As 
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As C of middle Latitude 45 55' - ogrg758 
Is to T. of the Courſe BA 1 345 42 — 9, 84030 
So is the Difference of Latitude A B 650 2,8 1291 


To the Difference of Long. F G 646,8 2,8109 


As C. of the Courſe + 18 * - 7 9591495 
Is to the Difference of Latitude 650 © 2,81291 
So is the Radius - <= 10, 00009 


„ 


To the Diſtance ( 2,89 796 5 
The Courſe is NW bN. 57 Weſterly. | 


CASE 


A 
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CASE VM 


One Latitude, Courſe, and Diſtance given, to find 
| the Difference of Latitude, Difference of Longi- 
tude and Departure. | | 


EXAMPLE. 
A Ship being in the Latitude of 39 40 North, 
ſails N W bW $540 Miles; I demand what La- 


titude ſhe is now in, and her Difference of Longi- 
tude and Departure ? 1-1 


Note, Du muſt find the Difference of Latitudg-be- 
fore you can draw the Figure. - | 


Geometrical Projection. 


I TH the Chord of 60, and one Foot in 
| C, draw the Semicircle A OB, and at 

right Angles to the Diameter AB draw DO; on 
the Point A make the Angle IAB = 56* 15' = 
the Courſe ; then from a Scale of equal Parts, ſet 
the Diſtance failed from A to I, and from I let 
fall a Perpendicular to B A, as I B, which gives 
the Difference of Latitude AB; which being 
reduced into Degrees, is 5, by which the middle 
Latitude may be found to be 4.2® 10; which be- 
ing ſet from O to K and L, draw K I., and make 
CE = CH, nd EF = AB; ona F erect a 
Perpendicular FG; then thro E D draw EG till 
it cut FG in G, which finiſheth the; Projection. 
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As Radius to the Diſtance 540 5 2,3239 
So Comp. of Courſe 330 45 - = 9,4474 


To the Difference of e 2547713 


Lat. come from 397 40 . . 
Diff of Lat. + o5 oo (Sum of L. = 84 200 


2 — 


Lat. come into 44 40 Half 0 
As C. of middle Latitude 47 50% 0, 300% 
Is to T. of the Courſe BAI 5615“ 10, 17511 
So is the Difference of Latitude A B 2,4713 


To the Difference of Long. 605, 8 GF 2,78231 


As Radius to the Diſtance AI 540 2,73239 
So S. of the Courſe 56 155 - - g,91985 


—— — — 


To the Departure BI 499 = 2,65224 


EI 
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CASE 


One Latitude, Departure, and Courſe given, the 
Difference of Latitude, Difference of Longitude, 
and Diſtance required. 


EXAMPLE. 


A Ship from Lisbon, in Latitude 389 50 North, 
fails S WV W. until her Departure 560 Miles; 
I demand her Diftance run, Difference of Longi- 
tude, and what Latitude ſhe is in? 


As S. of the Courſe 567 15 - = g,g1985 
To the Departure 560 - - 2,74819 
So is the Radius — 10, ooooo 


222 1 


To the Diſtance 653, 5 - - 2,32834 


As Radius to the Diſtance 67 3.4 - as 
So C. of the Courſe 33* 45 - 974474 


To the Difference of Latitude 34 2, 570308 


Geometrical Projection. 


RAW any Line, as A F, and any where in 

it, as B, erect a Perpendicular, equal in 
Length to the given Departure, as BI; on the 
Point I make an Angle, as BIA = 33? 45 = 
the Complement of the given Courſe, and draw 
I A till it cuts FA in A; then, with the Chord 
of 60, and one Foot in A, and the other ſet in C, 
in the Line AF, with the Foot that was in A, 
draw the Semicircle AL K croſs AF at right An- 
gles in the Point C, with the Line DCO; 1 5 
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AB the Difference of Latitude, which, converted 
into Degrees, is 65 14, by which the middle 


Latitude may be found to 359 43“; which ſet 
from O to K and L, draw K L, make CE = 


CH, and EF = A B; on F erect a Perpendicu- 


lar to A F, as FG, then thro D draw E G till 
it cuts F G in G, which finiſherh the Projection. 


Lat. come from 38 0 50 | 
Diff. of Lat. — o6 14 (Sum of Lat. 11? 26/ 


. 


Lat. come into 32 prove: ] Midd. Lat. 35 43 
As C. of the middle Lat. 54% 17 = 0,9049 


Is to T. of the Courſe 56? 15/7 10,1511 


So is the Difference of Latitude 374. 2,57308 


To the Difference of Longitude 689,7 24,83868 


CASE 
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CASE VI. 


One Latitude, Diſtance, and Departure given, the 
Difference of Latitude, Difference of Longitude, 
and Courſe required. 


EXAMPLE. 


Hip in the Latitude of 38* 40“ North, ſails he- 

tween the North and Weſt 650 Miles, and then 
finds her Departure 546 Miles; I demand her 
Courſe, Difference of Latitude, and Difference of 
Longitude © 


As the Diſtance 650 - — 2,81291 
| Is to the Departure 546 — - 2537719 
So is the Radius — I0,00000 


— — 


To S. of the Courſe 55 8 = = 9,92428 


Geometrical Projection. 


2 any Line, as A B, and on B erect a 
Perpendicular BI, equal in Length to the 
given Departure; then, with the Diſtance failed 
in your Compaſſes, and one Foot in I, with the 
other croſs A B in A; then the Chord of 60 ſet 
from A to C, with the Radius A C draw the Se- 
micircle ALK, and A B, the Difference of La- 
titude found, being converted into Degrees, the 
middle Latitude may be found from it to be 
4136“ which ſet from O to L and K, and draw 
K L, make CE =CH, and EF = AB; on F 
erect a Perpendicular, as GF, at the Point C 
draw D O at right Angles to A F, and thro the 
Point D draw A D, continued *till it cuts F G in 


G, y-hich finiſheth the Projection. : 
| As 


: 4 = 
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As T. of the Courſe 57 8 - - = 10,189697 
Is to the Departure 546 - = 2,737193 
So is the Radius = — = _ I0,000000 


— ——— 


To the Difference of Latitude 3528 2, 547496 

Lat. come from 38 40 Sum of Lat. 83 13“ 

Diff. of Lat. + 5 33 i 

[one | Middle Lat. 41 36 
Lat. come into 44 33 


As C. of middle Latitude 48* 29/ 0,126216 
Is to the T. of the Courſe 578“ 10, 189697 
So is the Difference of Latitude 352,8 2, 547496 


— — — 


To the Difference of Longitude 7302 2, 863409 
The Courſe is NW W 53“ Weſterly. 
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COMPENDIUM 
MERc ATOR OSAILT 
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er 


T is very evident to any one who 
will but view a Terreſtrial Globe, 
that all the Meridians do meet to- 
gether in the North and South Poles, 
| and that all the Parallels of Latitude 
do continually decreaſe according to their Diſtance 
from the Equinoctial; conſequently that the Mea- 
| ſire of a Degree of Longitude, is, in any of thoſe 
Parallels, leſs than a Degree of Longitude in the 
Equinoctial, in ſuch a Proportion as the Semi- 
diameter of the Parallel, is to the Semidiameter 
or Radius of the Equinoctial; as may be thus 
proved. 

Suppoſe the Arch PB D to be one Quarter of 
any Meridian, let P repreſent one of the Poles, 
and CD the Semidiameter of the Equinoctial, BD 
the Latitude of any Place, F B the Scmidiameter 
of that Parallel. _ 

Then 
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Then is B A the right Sine N g r 
And FB (= CA) the Coſine F er that Lat. 


Now it is well known that the Peripheries of 
all Circles are in a direct Proportion to their 
Diameters ; conſequently they are in a direct Pro- 
portion to their Semidiameters, viz. their Radius's ; 


(See the Figure in Page 244). And, 


As the Periphery of one Circle, 

Is to the Periphery of another ; 

So is any Part of the firſt Circle's Periphery, 
Tothe like Part of the ſecond Circle's Periphery. 


Whence it follows, That, 


As CD, the Radius of the Equinoctial, 

Is to any Difference of Longitude in Miles ; 

So is FB the Coſine of any Latitude, 

To the Number of Miles in that Parallel, which 
are contained between the ſame two Meri- 
dians or Difference of Longitude. 


As for Inſtance; Suppoſe it was required to 
find how many Miles in the Parallel of 50? of 
Latitude, will be equal to one Degree of Longi- 
tude, viz. 60 Miles in the Equinoctial, the Pro- 
portion as above, Viz. 


As Radius m6 g 10,0000000 
Is to the Difference of Long. 60 Miles 1,7781512 
So is the Coſine of the Latitude 50? 9,8080675 


— . — 


To the Number of Miles requir'd 38,5 1,5862187 


That is, 38 + Miles in the Parallel of 50? of 
Latitude, will be equal to one Degree of Longi- 


tude, or 60 Miles in the Equinoctial. 
= From 


* 
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From hence it is evident, that the Method of 
Plain Sailing being grounded upon a falſe Suppo- 
ſition, that the Degrees of Longitude are equal 
and alike in every Parallel of Latitude, to thoſe 
of the Equinoctial, is very erroneous. 

And therefore it hath been the great Induſtry 
of ſome of our Predeceſſors, to rectify thoſe Er- 
rors, by contriving ſuch a Projection of the Meri- 
ridians and Parallels in Plano (viz. with right 
Lines) whereon all, or any Parts of the World, 
might be truly ſet down according to their reſpe- 
ctive Longitudes, Latitudes, Bearings, and Di- 
ſtances. 

And, altho* ſuch a Projection was hinted at by 
 Ptolomy many hundred Years ago, yet that Hint 
was not purſued until one Mercator, a famous 
Geographer of the laſt Age, took it up, and pub- 
liſhed a Map of that Kind, whence it is called 
Mercator's Chart, or Projection. 

But ſtill there wanted a ready Way of deſcrib- 
ing that Projection, and a Demonſtration of its 
Truth ; both which, our ingenious Countryman 
Mr. Edward Wright, hath fully done in his excel- 
lent Treatiſe, intitled, The Correction of Errors in 
Nawigation, Printed Anno 1599 (a Book well de- 
ſierving the Peruſal of all ſuch as deſign to uſe the 
Sea) wherein he hath ſhewed how to enlarge the 
Degrees of the Meridian toward the Poles, in the 
ſame Proportion that the Parallels of Latitude do 
decreaſe towards them: And he was, undoubtedly. 
the firſt that ever made Tables of Meridional 
Parts for that Purpoſe, waich he did by the con- 
tinual Addition of the Secants of 1', 2, 3, 4, 5 
Sc. being by that Method computed exact enough 
for the Mariner's Uſe. 
But, to compleat that Work, the learned Ma- 
thematician Dr. Edmund Halley, hath, in the Phi- 
loſophical Trauſactions, N 219) given an eaſy 
Demon- 


4 CourENDIUn 8 


Demonſtration of the Analogy of the Logarith- 
mick Tangents to the Meridian Line, or Sum of 
the Secants, with various Methods of computing 
the ſame to the utmoſt Exactneſs; but for Bre- 
vity's ſake, I ſhall omit that ingenious Diſcourſe, 
and only inſert a few Rules deduced from it, 
whereby the Table of Meridional Parts may either 
be eaſily made, or the Want thereof truly ſup- 
plied by the Table of artificial Tangents. | 


I. To find the Meridional Parts to any given La- 
titude. I i 


. 


Do the given Latitude add go», then find the 
Tangent of Half that Sum, from which ſubtract the 
Radius of the Table 10,000000, the Refidue being 
divided by 1263, 3, the Quotient will be the true 
Meridional Parts contained between the Equinoctial, 
and that Latitude, according to Mercator's Pro- 
jection. 8 


EXAMPLE 1.” 


Suppoſe it were required to find the Meridional Parts 
contained between the Equinoftial and the La- 


titude 48 300. 


Here 90% + 48? 30 = 138? 30/; and the 
Half of that is 69? 15'; the Tangent to which is 
10, 4215142; from which, if we ſubtract the Ra- 
dius 10,0000000, the Remains is 4215142, which 
divided by 1263,3, the CR is 3336,6, the 
Meridional Parts anſwering the Latitude of 48 30' 
as was required. 


oo 
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EXAMPLE II. 


Let it be required to find the Meridional Parts to 
the Latitude of 89 40l. 


Here 96* 89 40 = 170 40/, the Half of 
which is 89? 50“; the Tangent of which is 
12, 5362727; which made leſs by the Radius 
10,0000000, the Remainder is 253627247 ; which 
divided by 1263,3, the Quotient is 2007 5,6, the 
Meridional Parts anſwering 892 40', &c. 


Proceeding in this Manner, it will not be diffi- 
cult to calculate a 'Table of Meridional Parts to 
what Exactneſs you pleaſe ; ànd from the Work 
of theſe two Examples, it will be eaſy to conceive 
the Reaſon of the two following Rules. 


II. 25 find the Meridional Parts contained be- 
tween the Latitudes of any two Places that are in 
the ſame Hemiſphere. 

RULE 

To each of the given Latitudes add go® then find 
the Tangents of each of their half Sums (as above) 
the Difference of theſe two Tangents being divided 
by 1263,3, the Quotient will be the true Meridional 


Parts (or Miles) contained between thoſe two La- 
titudes, according to Mercator's Projection. 
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EXAMPLE: 


Let it ve required to find the Meridional Parts be- 
tween the Latitude of 50, and 12 14', both 
North. | 


Here 900 + 50? = 140˙5 its Half 
50 Tangent = =. = _ 
go? 12 14/ = 102® (140, its Half; 

$12 Tangent 


10, 4389341 


1050934397 


Difference of the Tangents — - 2454944 


Which being divided by 1263,3, the Quotient 
is 2134,8, the Meridional Parts, or Miles, re- 
quired. 


III. To find the Meridional Parts contained be- 
tween the Latitudes of two Places that are in diffe- 
rent Hemiſpheres. | | 


RULE. 


o each of the given Latitudes add go®, and find 
the Tangent to each of their Half Sums as before, 
then add theſe two Tangents together, and their Sum 
made leſs by twice the Radius, viz. 20,0000000, 
the Remainder divided by 1263,3, the Quotient is 
the true Meridional Parts, or Miles, between the 
two Latitudes. STD 
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EXAMPLE. 


Suppoſe it was required to find the Meridional Parts 
between the Latitude of 14* 24/ North, and 160 3/ 
South Latitude? 
* + 16 3' = 106® 2/, its Half | 

* wy 300 Tangent es 5 : I0,1232799 

900 Þ+ 14 24' = 104® 24“, its 2 
Half 52 12 Tangent s 3 TOES OE T7 


. CC CE In 


Sum of the 'Tangents = 20, 2335976 
Twice the Radius - = = 20,0000000 


Their Remains - = » - 2335976 


Which divided by 126 3,3, the Quotient is 
1849, 1, the Meridional Parts contained between 
the two given Latitudes, according to Mercator 's 


Projection. 


Thus far concerning this great Improvement of 

finding the Meridional Parts (in Miles) between 
any two Places, according to that Projection 
called Mercator's Chart, wherein the Degrees of 
the Meridian Line are enlarged towards the Poles, 
Sc. as hath been ſaid before. 

But altho' the true Meridional Diſtance be- 
tween any two Places, may be thus found by the 
Tables of Logarithmick Tangents only, and con- 
ſequently the Want of a Table of Meridional Parts 
may, by this Means, be ſufficiently ſupplied upon 
all Occaſions; yet, becauſe a Table of thoſe 
Parts, if truly made, is very ready, and of good 
Uſe, either for graduating the Diviſions of the 
Meridian Line in a Mercator Chart, or in calcu- 

K 2 lating 


244 A Courtnpiun of, &c. 


lating the uſual Problems in Sailing, according to 

that Projection. I have therefore inſerted ſuch a 

Table, calculated, de novo, to every two Minutes 

ſo far as 80 of Latitude, which, I preſume, is 

as near to either of the Poles, as Navigation is 
practicable. | | 


Note, Altho! the following Table be calculated 
to all the even Numbers of Minutes, viz. 20 4 
68“, &c. yet the true Parts belonging to all 
the odd Minutes, viz. 1' 3' 5 /, &c. may be 
ound by. Inſpection only, viz. by taking the 
Half Sum of the two next even Numbers, 
aud then adding it to the next leſs, &c. which 
is ſo eaſy to conceive, that it needs no Ex- 
3 2 ENS; 
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7 O00 10 20 5 49 
NI. P.] M. P.] M. P. M. P. M. P. 
e 1e 
2 2 62 122 182.1 242.2 
44 4 64124 1841] 244.2 

61.6 66| 126] 186.1 | 246.2 
8] 8 | 68] 1258 188.1 | 248.2 
10 10 | 70| 130 190.1| 250.2 
12 F2 72| 132] 192.1 252-2 
I4] 14 74| 134] 1941 | 2542 
16] 16 76 136| 196.1| 256.2 
18 18 | 75 138] 198.1 | 258.2 
20| 20 80 140] 200.1 | 260.3 
22 | 22 $2| 142| 202.1 | 262.3 
24] 24 $4] 144] 204.1 | 264-3 
26] 26 86 | 146 206.1 | 266.3 
28| 25 88] 148 208.1 | 268.3 
301 3 90 150 210.1 | 270.3 
2 32 2] 152 282-1 | 27243 
34] 34 | 94] 154] 2141] 2743 
36] 36 | 96| 156 216.1 | 276.3 
38] 35 988 158] 218.1 | 278.3 
40 40 | 100| 160| 220.1 | 280.3 
2 42 | 102| 162| 222.1 | 282.3 
44] 44 | 104| 164| 22441 | 254-3 
46 46106] 166 226.1 | 286.3 
48-| 48 | 108] 168] 228.1 | 255.3 
501 50 110] 170 230.I | 2900.3 
521 52 | 112| 172 232.1 | 292-4 
54| 54 | 114] 174| 2341 | 2944 
56 56 | 116] 176] 236.1 | 296-4 
58] 58 | 118| 178] 238.1 | 295-4 | 


| 
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Een of 


41 9.0 


WM 80 
5 215 8 Re MES 
300.4 360. [421.1 | 481.6 
2| 302.4] 362.7| 423.1| 453.6 
4] 304.4] 364.7] 425-1 | 485.6 
61. .396.4 | 366.7 427.1 1] 487.6 
$] 308.4] 368.7] 429.1 | 489.6 
10 310-4] 370-7| 431-T | 491.7 
12 312.4] 372-7 | 433-I | 493-7 
I4] 3144] 374.7] 435-2 | 495-7 
16] 316.5] 376.8] 437.2 497.7 
18 318.5] 378.8] 439.2 | 499.8 
$07. 4230;57 30.07) 144721] 5018 
22 322.5] 382.8 | 443.2 | 503,8 
24] 324.5 384-8] 445.2 | 505.8 
26 326.5] 386.8] 447.3] 507.8 
| 28] 328.5] 358.8] 449.3 | 509.9 
[534% 390.8 451.3] 511.9 
2] 332-5] 592-9] 433-3] 513-9 
| 34] 3345] 3949] 455:3] 5159 
| 36] 335.5] 396-9] 457.3] 518.0 
338] 338.5 398.9 459-4] 520.0 
40 340.6| 400.9] 461.4] 522.0 
42| 342.6 402.9] 463.4] 524.0 
44 | 344-6 | 404-9] 465.4] $26.0 
46 | 346.6 | 407-0] 467.4 528.1 
48 348.6 409.0 469.5] 530.1 
50 350.6| 411.0] 471.5] 532.1 
52] 352.6 413-0] 473-5] 534-1 
54] 354-6] 415-0] 475-5] 536-2 
07 3346:67 447-07] 82 
3.59.7 


540.2 


47 9.6 
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100 


r 


118 


— 12 


M. P. 


603.1 
605.1 
607.1 
609.2 
611.2 
G32 
615.3 
617.3 
619.3 
621.3 
623.4 
625.4 
627.4. 
629.5 
631.5 
633-5 
635.6 
637.6 
639.6 
9 


643.7 


645.7 
647.7 
649.8 
6.51.8 


653.9 
655.9 


657.9 
660.0 


662.0 | 


664.1 


666.1 
668.1 


670.2 


672.2 
674.3 
676.3 
678 3 
680.4 
682.4 
684.5 
686.5 
688.5 
690.6 


692.6 


725.3 
727.4 
729.4 
731.5 


7334S | 


735.6 


737.6 
7 39.7 
741.7 
243.8 


7 4.58 
747-9 
749-9 
7 52.0 
7.54-0 


7.56.1 


7.58.1 
760.2 


762.2 


| 764-3 


766.3 
768.4 
770. 4 
772.5 
224.5 


776.6 


778.6 


7 80.7 
" TRL 


784.8 


ö ” 
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2 


- 150 


„eM. P. 


16 
M. F. 


9810.5 
912.6 
914.6 
916.7 


918.8 


920.8 
922.9 
925.0 
927.0 
929.1 
931-5 
933.2 
935˙3 
937.4 
939.4 


* 
- Foods P. 
oO 786.8 
2| 788.9 
4] 790-9 
6 | 793.0 
8. 795.0 
10] 797.1 
12] 799.1 
14] 801.2 
16 803.2 
IS | $05.3 
207 507.3 
22 | 809.4 
24 | 811.4 
28 813.5 
288 $15.5 
2 
3819.8 
3821.7 
36] $23.7 
225.8 
4⁰ 827.9 
42] 829.9 
£471 532.0 
46 | $34.0 
48 836.1 
50 838.2 
52 840.3 
54] 842.3 
56 844-4 
58 | 846.5 


941.5 
943.6 
945-6 
947-7 


| 949.8 


I 
933.9 
956.0 
958.1 


962.3 
964.4 
966.5 


968.6 | 


970.7 


960. 2 


972.8 
974.8 
976.9 
978.9 
981.0 
983.1 
98.5.2 
987.3 
989.4 
991.5 
993-6 
995.6 
7 
999.8 
1001. 9 
I 00.4.0 
1006.1 
1008.1 
1010.2 
rz 


—— -- 
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8 
e 


19 


199 


M. P. M. P. M. P. 


— fn] — 2 
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$023+3 1 
1037.4 
1039.5 
1041.6 
1043.7 
1045.8 
1047.9 
1049.9 
I052.0 
10.54. 1 


1056.2 
1058.3 
1060.4. 
1062.5 
1064.6 
1066.7 
1068.8 
1070.9 
1073.0 
IO75.1 


1077.2 
1079.3 
1081.4 
108 3. 5 
1085.6 


1087.7 
1089.8 
1091.9 
1094.0 


I 098.2 
I 100.3 
1102.4 
1104.5 
1106.6 
1108.7 
1110.8 
1112.9 
111.5. o 
117 
1119.2 
1121.3 
1123.4 
112.5. 5 
1127.6 
1129.7 
1131.8 
I 134.0 
I136.1 
1138.2 


I 140.3 
1142.4 
1144.6 
1146.7 
1148.8 
1150. 9 
11.53. 0 
11.5 5.1 
197.2 
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1163.6 
1165.7 
I 167.8 
I170.0 
1174.1 
1174.2 
1176.3 
1178.4 
1180. 5 
1182.7 
1184.8 
1186.9 
1189. o 
1191.1 


1193.2 
1195.4 
1197.5 
1199.6 


1201. 7 


1203.9 


1208.1 
1210.2 


1214. 5 
1216.6 
1218.7 


1220. 9 


1159.4 


1220 


1206.0 


1212.4 


1096.1 
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n 
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* 


1 


M. = 


| 


{ 


220 
MP 


gay 1 
NM. P. 


O > 9 | MIN 


— 


1289, 


129153 


12935 
1295,6 
1297,8 
1299, 


130452 


1 306,3 


1 308, 5 
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By the Help of this Table of Meridional Parts, 
or Miles, the enlarged Diſtances on the Meridian, 


between any two given Latitudes, may ſpeedily 
be found, which admits of three Caſes. 


CASE I 
If one of the propoſed Places be under the Equino- 
tial, and the other have either North or South 


Latitude, the Meridional Parts found againſt the 
Latitude, will be the Diſtance required. 


EXAMPLE. 


Suppoſe it be required to find the Meridional Parts 
between the Equinottial and the Latitude of 
50? 31, in the Column under 50, and againſt 
30% ftand 3521,4, which are the Meridional 
Parts required. 


If the two propoſed Places are both in one Hemi- 

ſphere, viz. either both North, or both South, then 

' the Difference of the Meridional Parts found 
againſt each Latitude, will be the Meridional 
Diftance required. | | 

EXAMPLE. 

Let it be required to find the Meridional- Parts be- 


' tween the Latitude of 25® 38“, and the Latitude 
| of 51® 48', both North. ; | 


Under 51, and againſt 48, is 3645,9 | 
And under 2 5, and againſt z 8, is 159 270 5 Subtr. 


The Meridional Diſtance is 2053,83 as was | 
| | required. 
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y If the two N Place, 1 are in contrary Hemi 
* ſpheres, viz. i one f them have North, and the 
other South Lalla, then the Sum of the Meri- 
dioual Parts found a rainſ each Latitude, will be 
the Meridional J Difabe⸗ "required. 


wn» of @ + 8:0 


Lee: it be required. to ud the Meridional Dif ance 
between. the: Latitude f 269 15 North, . and 
14? 52 South EO i, | _ 

r I 


Under. 26,. and againſt I Sas, 163 352 Jo aq 
And under 145. and againſt $21 1s. 5 „5 : 


. 4 
1 * _ 


185 \ 
2.8 mink Ni 
The Meridional Diſtance is a, id, N "as 8 
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The Us + theſe Meridjonal We will ap- 
pear in the Calculation of fahel following . 
for finding the true Courſe, and Diſtance fro 
Place to a Other; and altho they are called re the 
Meridiona "Diſtance. between one Latitude and 
another, yet they are not the true Diſtances which 
a Ship muſt run in failing 5 under the Me- 
ridian, from one Latitude to another; that Di- 
ſtance being only the Difference of Latitudes re- 
duced into Miles, as hath already been explained. x 

For a farther Conſtruction of Mercator's Chart; 
4s allo for the moſt expeditions Way of meaſuring 
the Courſe and Diſtance thereby, we recommend 
to the Learner,thoſe Charts now ready to be pub+ 
_ liſhed by Mr. Haſeiden, Teacher of the Mathema- 
ticks; in Which his moſt ingenious Method of 
eaſuring the Diſtance with the ſame Eaſe as on 
lain Chart, will appear a great Improvement to 


CASE 


MzzcarToR SAILING. 269 


— CASE . 


T be Latitudes of two Places, and their Difference 
f Longitude, being given, to find the true Courſe, 
e direct Diſtance between them. 


EXAMPLE. 


Admit a Ship ſails from the Lizard, Lat. 50 10 
North, to the Hand of Bermudas, whoſe Lati- 
tude is 320 2 North, what will the direct 
Courſe and Diſtance be, rheir Difference of Lon- 

| Sunn being 56? Weſterly ? 


7 


ä 50? 
Latitudes 32 J 


Difference 17 45 
60 


WPI ů wt} 


Miles 1065 = proper Difference of Lat. 


Its Meridional Parts 3490, 1 56 
Its Meridional Parts 20 57.9 ; n 60 


Meridional Diſtance 1432, 2 Diff. of Long. 3360 
GEOMETRICALLY. 


ROM C, repreſenting the Lizard, draw EC 

= 1432,2 Miles (from a Scale of equal Parts) 

= Meridional Difference of Latitude; on E erect 

a Perpendicular, and from a Scale of equal Parts, 

ſet off 3360 Miles, the Difference of Longitude 
fromEto Q; then draw QC, which compleats 

the Triangle. ; 


From 
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From the ſame Scale of equal Parts, ſet off 1065 
Miles, the proper Difference of Latitude from C 
to A; draw AB parallel to EQ till it cut C Qin 
B, then is your Projection finiſnet. 

Here C repreſents the Lizard, Quhe Iſland of 
Bermudas, the / C the Angle of the Ship's Courſe, 
AC the true Difference of Latitude, E C is the 
Meridional Difference of Latitude enlarged, E Q 
the true Difference of Longitude in Miles, A B 
the Departure, and B C the true Diſtance of the 
Lizard from Bermudas. | | 


By the Logarithms. 


Ihn the Triangle CE Q, there is given E C and 
EQ to find the J C; and in the Triangle C A B, 
there is given A C, and the C C, to find CB. 


Firſt, To find the Courſe. 


As EC = 1432,2 = Difference of | 
Latitude enlarged Oe TO $ 3,1560035 
Ts to the Radius 90? - «© I0,0000000 
So is EQ = 3360, the Difference? 
of Longitude e $ 3,5263393 


— — — — 


To the Tangent of Z C = 66 55') 
the Ship's Courſe SW 4 W 10,3703358 


ww » ... + - 
Then, for the Diſtance, 


As L B the Coſine of Courſe = 23,5 9, 5933631 


Is to the proper Difference of Lat. | 
AC = 1065 Miles F 3,0273496 


So is the Radius = 10,0000000 


— — 


ToBC = 2716 Miles the Diſt, requir'd | 3:4339865 
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d | By the Gunter Scale. 


The Diſtance between 1432,2, and 3360 on 
the Line of Numbers, applied to the Line of 
Tangents, will reach from 45˙, to 66® 15': And 
the Diſtance between 232 „, and go? on the Sines, 
will reach from 1065 on the Line of Numbers, to 
2716, the Diſtance required. 


By the Sliding Scale. 


Place 1432, 2 on the Line of Numbers, againſt 
452? on the Tangents, then will 3360 on the Num- 
bers, be againſt 66,55 on the Tangents. Again, 
Place 23 5 on the Sines, againſt 1065 on the 
Numbers, and then go on the Sines, will be 
againſt 2916 on the Numbers. | 


CASE 


! 
| 
| 
| 
| 
| 
| 
1 


F 
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SAS E I. 


One Latitude, with the Courſe and Diſtance, being 
given, to find the other Latitude, and the Diffe- 
_. rence of Longitudes. 5 = 


LF 


E X A M P IL F. 


' Admit a Ship ſails from the Lizard, Lat. 50* 10 


North, upon a SWV W + 10? 40“ Weſterly 

Courſe, until ſhe hath ſailed 2116 Miles, what 
Latitude will ſhe be in, aud what will the Diffe- 
rence of Longitude be? / 


 GEOMETRICALLY. 


| D* AW any Line, as E C; let C repreſent 


the Lizard; upon the Point C make an An- 
gle = 66055 = SW bh W + 10 4o' Weſterly 
then from a Scale of equal Parts, lay 2716, the 
Diſtance failed, from C to B; from B let fall the 
Perpendicular AB, then is AC = the proper 
Difference of Latitude = 1065 Miles, which con- 
verted into Degrees, is 17 45“; then from the 


Firſt Lat. 50 10 Its Merid. Parts 3490, 1 
Subtract 17 45 Its Merid. Parts 205%, 9 


— . 7 — — 


New Lat. 32 25 Diff. of L. enlarg d 143 2,2 


Then from a Scale of equal Parts, ſet off 1432, 2, 
from C to E, and draw E Q parallel to AB till 
it cut CB prolonged in Q, which compleats the 


Projection, the Parts being the ſame as in the 


preceding Caſe, 
By 


* 
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By the Logarithms, 
As the Radius go? | todes 
Is to CB = 2716 the Diſt. failed 3,4339631 


So is the AB C= 23° 5 the] ai 
Coſine of the Courſe - - - 955933631 


1— A— 


2 


To the proper Difference of Lati- ED 
tude A C = 1065 Miles = 5 350273262 


And 1065 Miles converted into Degrees, as in 
the Projection, gives EC = 14325 2. 


Then, for the Difference of Longitude. 


As Radius go? - 10, oo 


Is to E C = 1432, 2 the Difference 
of Latitudes inlarged „„ $ 3571560035 


So is the £ C 66* 55” the Ship's 2 
Courſe - E — 


To EQ = 3360 Miles, the Diffe- 
rence of Longitude - = 


10, 3703 358 


— —_—__ 
— 
— ali. oy 


5 355263393 


Which being reduced into Degrees, will be 56? 
for ag true Difference of: Longitude towards the 
Welt, | 


274 A CourzNDIUM of 


By the Gunter Scale. 


The Diſtance between go, and 23? 5 on the 
Line of Sines, will reach from 2716 on the Line 
ot Numbers, to 1065 = AC; and then for the 
ſecond Proportion, the Diſtance between 9go?, and 
66 55/ on the Line of Sines, will reach from 
1432, 2 on the Line of Numbers, to 3360, the 
Difference of Longitude required. 


By the Sliding Scale. 


Place go on the Line of Sines, againſt 2716 on 
the Line of Numbers, and 230 5' will be againſt 
1065 on the Line of Numbers. Again, Place go 
on the Sines, againſt 1432,2 on the Numbers, 
and then 66® 55/ on the Sines, will be againſt 
3360 on the Numbers, the Difference of Longi- 
rude required. | 


; wk 
Aj 
e 


CASE 
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Cater 


The Latitudes of two Places, and the Courſe between 
them, being given, to find their Diftance and 
Difference of Longitude. 


EXAMPLE. 


Suppoſe a Ship ſail from the Latitude of 320 25 
North, a NE b E Courſe 10 40“ more Eafterly, 
till ſhe come into the Latitude of 50 100, what 
is her Diſtance ſailed, and how much hath ſhe 
altered ber Longitude ? 5 


500 10 Merid. Parts of which are 24 90, 1 
Lat. 7 32 25 Eid. 5 2057, 9 


1) 45 Diſt. of the Lat. inlarged 1432, 2 
60 


OD ů —— 


1065 Proper Difference of Latitude. 


GEOMETRICALLY 


RAW a Meridian, as EC, and on the 
Point C make an Angle = 66*® 55', the 
Complement of the Ship's Courſe ; from a Scale 
of equal Parts, take 1432, z, the Diſtance of the 
Latitudes inlarged, and ſet it from C to E; and 
from the ſame Scale take 1065, the proper Diffe- 
rence of Latitude, and ſet it from C to A. 
'Then on the Points A and E erect Perpendicu- 
lars *till they cut CQ in Q and B, which finiſhes 


the Projection. 15 
Here Q repreſents the Place failed from, and C 


the Place ſailed to, and the reſt of the Parts, as 
in Caſe I. 
: T8 | By 
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By the 0 SED 

As the /. ABC = 232 5 the 4 
gle of the Ship's Come ? 9,59 33631 

Is to A C = 1065 the oper: Dif 
of Latitude = 5 3,027 3496 
So is the Radius 90" 5 I'0,0000000 


— 


To CB = 2116 Miles, the true Diſt 3,4339865 


Then, the Z E OC = ABC, becauſe A B 
parallel to E Q: Therefore, 


As the L A C = 23 5 the A 
gle of the Ship's Courſe 5 95593363 


Is to EC = 1432, z the Lat. inlarged 3,156003 


So is LECQ = 66255 the Come 
plement "the Courſe £ 9963757 


To E _—_ 3 360 Miles Diff n 5 TRY 


n. 


„ 
8 „ 


By the Gunter Scale. 


"The Diſtance between 232 5, and go on the 
Line of Sines, will reach from 1065 on the Line 
of Numbers, to 2:16 C B, the Diſtance ; and 
then the Diſtance between 235 5, and 66? 55' on 
the Line of Sines, will reach from 14.32,2 on the 
Line of Numbers, to 3360 = EQ, the Ditte- 
rence of Longitude. | 
| By 
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By the Sliding Scale. 


Place the Sine of 23 5 on the Sines, againſt 
1065 on the Numbers, and 90 on the Sines, will 
be againſt 2716 on the Numbers: And, again, If 
23* 5 on the Sines, be placed againſt 14.32,2 on 
the Numbers, then will 66* 55' on the Sines, be 
againſt 3360 on the Numbers. | 


S 


The Latitude of two Places, and their Diſtance, 
being given, to find the Courſe, and their Diffe- 
rence of Longitude. 


EX 4MPLE. 


Suppoſe a Ship ſails from the Latitude of 50 100 
North, between the South and Weſt 2116 Miles, 
and then is found to be in the Latitude 32? 25 
North, "tis required to find what Courſe ſhe hath 
failed upon, and how many Degrees fhe hath 
altered her Longitude © | 


500 1070 Merid. Parts to which are 34.90,1 


Lat. = xe SENT 255719 


TW 


Dif. 17 45 Diſt. of the Lat. inlarged 1452,2 = EC. 
60 ; 


„ 


Miles 1065 
GEOMETRICALLY. 


| 2 bug a Meridian, as AC, and from a 
Scale of equal Parts, ſer off 1065, the Diffe- 
rence of Latitude from C to A; on A erect a 
Perpendicular, of any convenient Length, from 

3 3 the 
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the ſame Scale of equal Parts, with 2716 = the 
Diſtance ſailed, putting one Foot of the Compaſſes 
in C, with the other croſs the Perpendicular on A 
in B, then draw A B; from the ſame Scale ſet off 
1432, 2 (the Latitude inlarged) from C to E, draw 
EQ parallel to A B till it cut CB prolonged in 
Q, which ſiniſheth the Projection. 

The Parts are the ſame as in the laſt Caſe, 
only here C is the Angle of the Ship's Courſe. 


By the Logarithms. 


As CB, the Diſtance failed = 2916 3,4339865 
Is to Radius go = __ 10,0000000 


So is A C = 1065, the Diff. of Lat. 3,0273496 


[OO — 


To L ABC = 23 the Comp. 
of the Courſe, whence the Courſes f 9,5933631 
S WYW + 10? 4o' Weſterly 


T hen, 


\ / | 
As / EQC = 23* F the Com- 
| 8 the Courſe 5 975 933631 


Is to E C = 1432, 2, the Diſtance 
of the Latitudes inlarged —— 5 3, 156003 


Sois L ECQ = 66 55 Ship's Courſe 9,9637574 


ToEQ =3 360 = Diff. of Longitude 3,5263978 


= — 


A; — 3 I 
C” 
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By the Gunter Scale. 


The Diſtance between 2716, and 1065 on the 
Line of Numbers, will reach from go? on the 
Sines, to 23? 5' ; and the Diſtance between 23® 5/ 
and 66? 55' on the Sines, will reach from 1432.2 
on the Line of Numbers, to 3360. 


By the Sliding Scale. 


Place 2716 on the Line of Numbers, againſt 
9o on the Line of Sines, and then 1065 on the 
Line of Numbers, will be againſt 23? 5/ on the 
Sines, which is the Complement of the Courſe : 
And, if you place 23? 5 on the Sines, againſt 
1432,2 on the Numbers, then will 66? 55 be 
againſt 3360 on the Line of Numbers. | 


Thus you have, I preſume, a plain Account 
of the Method of reſolving the moſt uſetul Que- 
ſtions in failing between the Meridian and either 
the Eaſt or Weſt Points, according to the true 
Chart. 'There are ſeveral other Queſtions uſually 

inſerted in Books of Navigation: As, 


1ſt. Having ons Latitude, the Courſe and Difference 
of Longitude given, to find the other Latitud 
and Diſtance ? | 


2dly, Having both Latitudes and Departurè given, 
to find the Courſe, the Diſtance ſailed, and Diffe- 
rence of Longitude © 


z3dly, Having one Latitude, the Courſe and De- 
parture given, to find the other Latitude, the Di- 


fance and Difference of Longitude ? 


T4 | The 
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The Calculation and Projection of theſe Que- 
ſtions, is eaſily deduced from what has been alread 
done, and therefore, for Brevity's Sake, and be- 
cauſe they are not of any great Uſe in Practice, I 
omit that Work, and proceed to two uſeful Caſes 
in failing under any Parallel of Latitude, uſually 

called, Parallel Sailing by Mercator's Chart. 


PARALLEL SAILING. 


F a Ship fail directly under the Equinoctial, 
either Eaſt or Weſt, the Diſtance ſailed (in Sea 
Miles ) being converted into Degrees, will be the 
true Difference of Longitude : And on the con- 
trary, if the Difference of Longitude between any 
two Places be reduced into Minutes (Viz. Sea 
Miles) they will be the true Diſtance that muſt be 
failed from one Place to the other. 
But if a Ship fail directly under, or in any 
Parallel of Latitude, then the Diſtance ſailed, will 
be proportionably leſs than the Difference of Lon- 
gitude, according to the Diſtance of that Parallel 
from the Equator, as hath been already proved in 
the Beginning of this Section, from whence the 
Proportions for reſolving the following Caſes are 
deduced. ; Br; 
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C'iSE V. 


The Difference of Longitude between any two Places 
that are both in one known Parallel of Latitude 
being given, to find their true Diſtance in Sea 
Mies. 


EXAMPLE. 


Suppoſe a Ship was to ſail from Breſt in France, to 
Conſumption-Bay in Newfoundland, which is 
due Weſt from Breſt, both of them in the 
Paralla of Latitude 48 22' North, and their 
Difference of Longitude 48 46', I demand how 

many Sea Miles ſhe muſt ſail to arrive at the 

ſaid Bay? | 
43? 46' 
oo. = 


Difference of Long, 2926 


GEOMETRICALLY 


XX) ITA the Sine of 90, and one Foot in C, 
| make the Arch E Q, and with the Sine of 
412 38“ (the Complement of Latitude) and one 
Foot in P, draw the Arch AB; then from a Scale 
of equal Parts ſet 2926 (the Difference of Longi- 
tude in Miles) from E to Q, and draw the Lines 
AP, AQ, EQ, and AB, and your Projection 
is finiſhed. 8 
Here C repreſents the Pole, the Arch E Q the 
Equinoctial, and the Arch A B the Parallel of 
Latitude for 48? 22 North, the right Line A Q 
is the Difference of Longitude in Miles, and the 
Points A and B Bref and Conſumption-Bay, and 
the right Line AB the Diſtance between Bre 
and Conſumption-Bay. 
By 
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| By the Logarithms. 

Here are given AE the Radius, and AP the 
Complement of Latitude, and E Q the Difference 
of Longitude ; therefore, / 
As the Radius 90 = AE = <= ro, obo 


Is to EQ = 2926 = Difference of / | 
Longitude in Miles $ 34662743 


So is the Sine of P A = 4.1* 38/ 8224042 
To AB = 1944 Miles the Diſt. GC 785 


By Gunter s Scale. 


The Diſtance between 90, and 41 39/ on the 
Line of Sines, applied to the Line of Numbers, 
will reach from 2926, to 1944, the Diſtance 
required. "2 | 5 | 


By the Sliding Scale. 


Place 90 on the Sines, againſt 2926 on the 
Numbers, and then 41 38” will beagainſt 1944 
on the Numbers. 0 


MERCATOR SAILING. 283 


CxS) W 


The Diſtance between any two Places that are both 
in one known Parallel of Latitude, being given, 
to find their Difference of Longitude. 


EXAMPLE. 


Suppoſe a Ship ſail 194.4. Miles, either directly Eaſt, 
or Weſt, in the Parallel of 480 22“ North, or 
South Latitude, what will the Difference of Lon- 
gitude be © 


HE geometrical Conſtruction differs from 
the preceding only in this; that the Diffe- 
rence of Longitude in that, is laid off from E to 

„and in this, the Diſtance is laid off from A to 
B; in all reſpects elſe it is the ſame. 

And the Proportion for Calculation, comes 
from the ſame Propoſition with the preceding Caſe; 
that is, 


As AC = 41? 387 the Coſine of Lat. 9, 8224042 


Is to AB = 1944 the Diſt. failed 3,2886785 
So is CE = go? Radius = 10,0000000 


To EQ = 2926 the Difference of? S 
Longitude required = = 8 354662743 


This is the common Method of ſolving theſe 
Caſcs, and is undoubtedly true, but, for Variety 
ſake, I ſhall here give a Method of ſolving them 
by the Table of Meridional Parts ; thus, 


R UT. 


9 OE Does u — 2 
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RU L E. 


To the given Latitude add 30, and ſubtract 30 
from it, and find the Meridional Parts to that Sum 
and Difference ; and then for the Solution of Caſe V. 
the Proportion 1s, CAR 


As the Difference of thoſe Meridional Parts, 
Ts to 60 Miles; | x 
So is the Difference of Longitude in Miles, 
To the Diſtance required. 


ut for the Solution of Caſe VI. the Proportion 
3, | 42 | 


As 60 Miles, 
J to the Difference of the Meridional Parts; 
So is the given parallel Diſtance in Miles, 
Jo the Difference of Longitude in Miles. 


In the Caſes V. and VI. 


489 22/+-30'== 48? 52/ Mer. Parts 3369,9 
48—22 30 = 47 52 Ibid. * 3279,56 


B. 1 = 60 Miles. Diff. 90,3 


Then for the Caſes V. and VI. 


- 90,3 : 60 :: 2926: 1944 3 
60 90,3 :: ene Os 25 above. 


I do not remember that I ever met with theſe 
Proportions for finding of the parallel Diſtances, 
Sc. performed by the Meridional Parts in any 
Treatiſe of Navigation. The Proportions from 
3 whence 
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whence I deduced them, and by which they ſhall 
be demonſtrated, you will find in the next 


Section. | 


Note, That there are ſeveral other Qusſtions in 
Parallel Sailing: As, 


iſt, F the Diſtance ſailed in one Parallel of Lati- 
tude, and the Difference of Longitude, were given, 
to find what Parallel of Latitude 


2. If two Ships, either under the Equinoctial, or 
any other given Parallel of Latitude, being any 
known Diſtance aſunder, ſhould both ſail any 
equal Diſtance given, either directly North, or 
directly South thence, to find how far they will 

then be aſunder ® | 


'Theſe, and ſuch-like Queſtions, may be eafily 
reſolved, if what hath been already ſaid be well 
conſidered ; but they are uſually propoſed rather 
to exerciſe the Learner, than for any great Uſe 
they are of in Practice; and for that Reaſon I 
ſhall omit ſetting down the Work of them, and 
conclude this Section with a Solution of the ſame 
Traverſe, as was propoſed at the latter End of 
Plain Sailing. | 


The ExameLE is this, 


Suppoſe a Ship was to {ail from the Lizard, Lati- 
tude 50 10“ to Bermudas, Latitude 32 25, 
both North, whoſe Differences of Longitude is 
56? = 3360 Miles towards the Weſt, and being 
at Sea, is forced upon the following Caſes - 
Firſt, WSW 100 Miles, then 88 E 18 Miles, 
then due Weſt g5 Miles, NWb W+ Weſt 67 
Miles, South 58 Miles, and SW bS$H go 

| Miles, 
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Miles, tis required to find the Latitude the Ship 
is in, and the Difference of Longitude, and her 
direct Courſe and Diſtance from the laſt Place 
ſhe is in, to Bermudas? 


By theſe ſeveral Courſes and Diſtances, there 
muſt be found their reſpective Differences of La- 
titude and Longitude (as Caſe II. of this Section) 
for theſe Courſes that are between the Eaſt and 
Weſt Points; and by Caſe VI. when the Courſe is 
due Eaſt, or due Weſt, that ſo the new Latitude 
the Ship is in at the Beginning of every new 
Courſe, may be known, or otherwiſe, the Diffe- 
rence of Longitudes cannot be truly found, becauſe 
by theſe two Latitudes, vig. the laſt, and the 
new Latitude, the Meridional Parts muſt be ob- 
tained. 8 


The ſeveral Parts of this Traverſe being truly 
compared according to their Data's, and their re- 
ſpective Anſwers diſpoſed of, each under its pro- 
per Title, the Work may ſtand as in the follow- 
ing TABLE. | 


| It. THEE of Lat. en 

Courſes points aalen No | Eaft — 
„ee [Solofo | „ 
{ W.S.W.| 6 [roo|- - 38,2149,32] = -[143,4 
| 8. S. E. | 2 | 78|- 2, 1048, 20045, 4 - 
8 95 - - | - - 148,20] - - 142,9 

NW WAW 5 3| 6713434] = = [48,54] - -| 85:9] 
| af o | 58|- -[58,0[47,56] - -| - - 

SW4SLW| 2 2| gol - - 169,646.47] - - | 83.6] 

45,456, 7 

43 94 

411,3 

Hence 
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Hence it appears, that at the End of this Tra- 
verſe the Ship is in the Latitude of 46 47 North, 
and that ſhe hath altered her Longitude from the 
Meridian of the Lizard, 6* 51' 18” Weſt; that is 
456,7 — 45,4 = 411,3 Miles, which being con- 
verted into Degrees, is 6* 51', rejecting the Se- 
conds. 

Then, to find the Diſtance of the Ship from 
the Iſland of Bermudas, and what Courſe ſhe muſt 
ſteer to arrive there. Seee Caſe I. of this Sect. 


| / 
Latirudes $49 23 


Difference 14 22 = 8602 Miles. 


Meridional Parts of which are 3183, 5 
Bid. „„ 205 7,9 


Difference of Latitude inlarged 1125, 8 

And from the Difference of Longitude between 
the Lizard and Bermudas, viz. 56 ſubtract the 
Difference of Longitude gained by Traverſe, and 
the Remainder is 499 = 2949 Miles, the Diffe- 
rence of Longitude between the Ship's Place and 
Bermudas. | 


Then, to find the Courſe, per Caſe I. of this 
Section. | 


As the Difference of Latitude in- 

larged = 1125,8 Miles - = $ 30514228 
Is to the Radiss =- T10,0000000 
So is the Diff. of Long. 2949 Miles 34696749 


To the Tang. of the Courſe 69 6 1,4182521 
| Then, 
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Then, for the Diſtance, 


As 202 54/ the Coſine of the Courſe , 5523494 
Is to proper Diff. of Lat. = 862 Miles 2, 93 55073 
So is the Radius = 10,0000000 


ee ems 


To the Diſt. required = 2416,3 Miles 3,383 1579 


From hence it appears, that the Courſe the 
Ship muſt ſteer from the Place ſhe is in, to the 
Iſland of Bermudas, muſt be W SW 15360 W 
and the Diſtance ſhe muſt fail is 2416 Miles, and 
not 3132 Miles, as it comes to by Plain Sailing. 


A, * 
* 
25 
* 
, 
5 
Þ; 
25 
5 


COMPENDIUM 


O F 


Sailing by the Mean Parallel Difference 
of Longitude. 


| 


e. NE 


HE Method which I ſhall here ad- 
| vance for the reſolving nautical Pro- 
blems, and call by the Name of Sail- 


— Longitude, is performed by the Help 
of a Table of parallel Miles (or Parts of a Mile) 
inſtead of a Table of Meridional Parts: The Rea. 
ſon thereof is briefly laid down in the two follow- 


ing Sections. 
S8 
Of MERCATOR's PROJECTION. 


\ HEN I firſt conſidered the Application or 

| Uſe of Meridional Parts or Miles, in find- 

ing parallel Diſtances, Cc. as in Cafes V. and VI. 

in Mercator Sailing ; and that the Anſwers found 
— W 


by 


rings 
* 


* 
P 


ing by the mean parallel Difference of 
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by them, muſt every where exactly agree with 
thoſe Anſwers found by the Coſines of the Lati- 
tudes ; I thence concluded, that it might be as 
poſſible to apply parallel Miles found by the Co- 
fines, to the Solution of Queſtions in failing upon 
any aſſigned Courſe, as to apply the meridional 
Miles, to the finding the parallel Diſtances ; and, 
in order to that, I conſidered the Nature of Mer- 
cator's Projeftion (or Chart) made by the Help of 
meridional Miles, and the Projection made by the 
Help of the parallel Miles; And firſt of Merca- 
tor's. 1 


In Nercator's Projection the Meridians remain 
parallel, or equally diſtant one from another, and 
are croſſed by the Parallels of Latitude at right 
Angles, and the Degrees of Longitude, are every 
where equal, as in the plain Chart, only the Di- 
ſtances of theſe Parallels to gradually increaſe as 
they approach the Poles, according to their reſpe- 
ctive Diſtances from the Equinoctial. 

That is, the Degrees of Latitude from the Equa- 
tor, are to a Degree of Latitude or Longitude, 
equal to 60“ or Miles, in the following Propor- 
tion, Viz. | 


As the Coſine of the Latitude, 
Is to the Radius; _ 
So is a true Degree of Latitude = 60 Miles, 
To the Meaſure of an inlarged Degree in the 
Meridian at that Latitude. | | 


As for Inſtance ; Suppoſe it was required to 
find the Meaſurcs of the inlarged Degree between 
the Parallel of 49% and 50? of Latitude: Firſt, 
the Middle of that Degree is 495 30', and the Pro- 
portion as above. N 


As 


an e Doc 
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As the Coſine of 49% 3o' 9,8125444 
Is to the Radius = = = I0,0000008 
So is a true Degree = 60 Miles - 1,7781512 


— —— 


To the inlarged Degree = 92,39 Miles 1,96 56068 


That is 92,39 Miles is the Meaſure of a Degree 
between the Parallel of 49? and 50? of Latitude; 
being the ſame as is given by the meridional 


Parts, or Miles : 'Thus, 


| d 509 Its Merid. Parts 34745 59 8 
Lat. 37 Ibid. - = 8 2 0 n 


Hence that Deg. of Lat. inlarg d 92,4 ſame as before. 


Then if the inlarged Degrees of Latitude thus 
found (either by the Proportion, or by the Table 
of meridional Parts) be truly protracted, or ſet 
off, upon the two outſide Meridians, which limit 
the Breadth of the Projection, according to their 
reſpective Diſtances from the Equinoctial, which 
muſt be done by the Help of ſuch a Scale of equal 
Parts, as 60 thereof are equal to a Degree of Lon- 
gitude in that Projection (which are every where 
equal to one another) then if the Parallels of La- 
titude be drawn thro' theſe Degrees (or any aſſign'd 
Number of them) at right Angles to thoſe two 
Meridians, and the reſt of the Meridians drawn 
parallel to them, that Projection will be a true 
Mercator Chart, repreſcnting ſo much of the Globe 
in Plano, as it was deſigned for. | 

As may be ſeen from the following Mercator 
Chart, made to repreſent the Meridians and Paral- 
lels of the Globe, from 36 to 50? of Latirude, and 
to Io? Difference of Longitude, which are mark'd 
at the Top and Bottom of the Projection. 
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FECT; 
Of the PARALLEL PROJECTION. 


N the Projection made by the Help of ,thi 
Parallel Miles, the Meridians are not — 1 
or equally diſtant one from another (as they are 
in Mercator's Chart) but the Approach nigher to 
one another, as the Approach, the Poles, and the 
Latitude, do continually decreaſe according to 
their reſpective Diſtances from the Equinoctial; 
that is, the Degrees of Longitude in the Parallels 
remote from the Equinoctial, arc to a true Degree 
of Longitude 60, or Miles, in this Propor- 
tion, vig. | 


As the Radius, 

Is to the Coſine of the Latitude; 

So is a true Degree of Longitude = 60', 

To the Meaſure of a Degree in that Parallel of 
Latitude. | PE 


Now if theſe parallel, or contracted, Degrees 
found by this Proportion, be truly protracted, or 
ſer of, in their reſpective Parallels of Latitude, or 
if they are only ſet off in thoſe two Parallels at the 
Top and Bottom, which limit the Length of the 
Projection, by the Help of ſuch a Scale of equal 
Parts, as 60 of them make one Degree of Latitude 
(which, in this Projection, remains every where 
equal to one another) ; then if the Meridians be 

drawn thro' theſe Degrees (or any aſſigned Num- 
ber of them) and the reſt of the Parallels of Lati- 
tude be drawn thro' their reſpective Degrecs (as 
in the following Figure) that Projection, or Chart, 
will as truly repreſent ſo much of the Globe in 


Plano as it was deſigned for, as that of Mercator's. 
5 For 
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For both the Proportions from whence they are 
derived, are equally true, conſequently the Proje- 
Etions made by them, mult alſo be as equally true; 
and, to me, the laſt Method ſeems to be the moſt 
natural or agreeable with the Globe itſelf; and 
that it is io received and approved of, doth plainly 
appear from the Number of Maps that are ever 
where made by it; to inſtance only a few, the 
Maps of all the particular Countries of the Warld, 
deſcribed in the. geographical Part of Sir Jenas 
Moores Syitem of the Mathematicks (Vide Vol. II.) 
and the new corrected Map of France, made by 
Mr. Picard, and Mr. Delasbire (Vide Philoſophical 
Trauſaftions, Number 226, Cc.) are all delineated 
according to this Projection. 

Now here perhaps it may be objected, that al- 
tho* this Projection be in ittelf ſo true, as that the 
Situation of Places may very well be repreſented 
ppon it, with reſpect to their Latitudes and Lon- 
gitudes, yet their Bearings, or Rhumbs, and 
m7 5 _ Diſtances 
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Diſtances of thoſe Places one from another, cannot 
be truly found by it, becauſe the Meridians and 
Parallels of Latitude do not cut or croſs one ano- 
ther at right Angles, as they do on Mercator's 
Chart. Te 

This Objection of the Meridians and Parallels 
of Latitude not cutting each other at right Angles, 
] take to be the chief and only true Reaſon why 


this Frojection. hath hitherto been thought uſeles 


in Navigation: But notwithſtanding that, I hope 
it will plainly appear from what follows, that it 
may be ſo ordered, as that the Rhumb and Di- 
{tance between any two Places, may be as eaſily 
found by this Projection, as by the plain Chart, 
and as truly as by any other Projection in Plano; 
and that by only reducing the parallel Differences 
of Longitude between any two propoſed Places, to 
a Mean, which may be thus done. 


If it be required to find the Courſe and Di- 


ſtance between the two Places repreſented by the 


Points C and B, let fall a Perpendicular from the 
Point C, upon the Parallel FB, viz. C A, and 
it will be the Difference of the two Latitudes 
(according to the Projection above); join the 
Points C and B with a right Line, and it will 
form the right-angled 'Triangle C A B, wherein 
the Side C A is the Difference of Latitude ; the 


Lat C, viz. A CB, will be the Courſe from 


C to B, the Hypothenuſe CB is the Diſtance be- 
tween C, B, and the Side AB = ( + FB + 


+CD) will be the mean parallel Difference of 
— 


Longitude between the two Places C and 3. 
But if it be required to find the Courſe from; B 
to C, then continue the Parallel CD to a, making 
a B perpendicular to C D continued, then will 
aB = CA, be the Difference of Latitudes, C a 
= AB, will be the mean Difference of Longi- 
U4 - tudes 


3 
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tudes as before, and the £ aBC will be the 
Courſe from B to C, their Diſtance BC being 
the ſame as above, ; 


C_ 


Theſe Parts of right-angled Triangle C A B (or 
Ca B) being thus conſidered, it will be very eaſy 
to apply them to the Solution of all uſeful Que- 
ſttions in failing, and their Anſwers will be almoſt 
as eaſily found, as thoſe in Plain Sailing, and very 
near the Truth to thoſe of Mercator's ; as will be 
manifeſt by the Calculations of the following 
Caſts, : 9-3-0 
| Now, in order to facilitate the Work of finding 
CAB. or Ca) the mean Difference of Longi- 
tude between any two Places ( whoſe Latitudes 
and Difference of Longitudes are given) upon 
which the Solution of Caſes, in failing by this 
Method, do chiefly depend, I have here inſerted 
a Table of the ſemi, or half parallel Parts of one 
Mile's Difference of Longitude, in their reſpective 
Degrees and Minutes of Latitude. 
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| Note, The Parallel Parts belonging to the fir] 


N 


three Degrees of Latitude, do differ ſo little 
from thoſe in the Equinoctial, that it may 
ſuffice to ſet them down only to tbe whole 
Degrees : Thus, 


In the Equinoctial they are 0,5000, viz. Half 
a Mile; and in 19 of Latitude, they are 
„4999; in 2* they are o, 4997); in 3® they 
are 0,4993 Parts of a Mile, &c. as follows. 
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0,4924 
0,4922 
0,4920 
0,4917 
0,4914 
0,4911 
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PP. 


0.4751 
0,47 59 
9,4.770 
0,477 
04775 


0,4773 
0,477 1 


19,4709 


0,47 68 
0.4766 


0.4764 
0,47 62 
25,4761 
09,4759 


9,4757 
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0.4698 
0.46 97 
0.4696 
0.4695 


0.4694 


0.4668 
0.4667 
0.4666 
0.4665 
0.4664 


0.4663 


0. 4662 


0.4661 
o. 4660 


0.4659 


0.4057 


0.4653 


0.4656 _ 
0.4655 


0.4652 
0.4651 


0.4649 


0.4647 


0.4644 


0.4642 
0.4641 
0.4640 
0.4639 


0.46048 


0.4043. 


0.4638 


0.4658 


0.4650 


0.4646 _ | 
6 | 0.4645 
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0.4531 
o. 4530 


60.4529 


o. 4528 
0.4527 
o. 4526 


0.4523 
0.4521 


| 0.4.520 


0.4519 
0.4.51 8 
0.4517 
0.4.516 
0.4515 


0.4513 
0.4.51 2 
0.45I1 


6 | 0.4509 


0.4.508 


| 0.4507 


0.4.505 


o. 4503 
0.4501 


| 0.4500 

0.4499 
0.4498 
| 9.4497 
0. 4496 
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0.2444 
0.2442 


9.2439 


0. 2437 


| 0.2434 


0.2432 
0.2429 


0.2424 
0.2422 


0.2419 


0.2417 


0.241 4 
0.2412 
0.2409 
0.2407 
0.2404 
0.2401 
0-2398 
0.2396 
9.2393 
0.2391 
0.2388 
0.2386 
0.2383 
0.2381 
0.2378 


0.2371 
0.2368 
0.2366 


0.2361 
0. 2358 


92384 


2 


0.2376 
3 
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62® 


a8. - 


62 


P. P. 


. e 
N. 


65 
FE 


0,2347 
0,2345 
0,2342 
0,2340 
0,2337 


032333 


0,2332 
0,2330 
0,2327 
0,2325 


972322 
, 2319 
0,231 
82313 
O, 2311 


O, 2308 
o, 2306 
o, 2304 
0,2301 


— 2 


0,2295 
0,2292 
052290 
o, 2288 


O, 2285 


0,2282 
052280 
0,2278 
052275 


0,2273 


0,2270 
0,2268 
0,2265 
0,2262 


052259 j 


0,2256 
952254 
0,22.52 
0,2249 
0,2247 


0,2244 
0,2242 


610, 2239 


0,2237 


992234 


872231 


0,2228 


0,222.5 


— 
5,2423 


0,2221 
0,2218 
9,24 
0,2213 


0,2210 


0,2201 


0,2204 


0,2202 


0,2192 


o, 2190 
, 2187 
0,2184 
0,2181 


0,2178 


0,2176 


O, 2173 
o, 2171 


0,2168 


0,2166 


0,2163 
o, 2160 
0, 1 57 
0,2155 
0. 15 
o, 21.50 
0,2147 
0,21.45 


0,2142 


052139 
0,2136 


0,134 


05,2132 


o, 2129 


o, 2126 


02113 


0, 2110 


, 2108 
o, 2104 


0,2102 
0,20 99 


o, 20 97 
0,2095 
o, 2092 


o, 2089 


o, 2087 
0,2084 
0, 2081 


o, 2078 
o, 2076 


o, 2073 
0,2071 
0,2068 


0,2065 


0, 2062 


o, 2060 
o, 20.57 


o, 20.55 


0,2052 


O, 20.50 


O5 2047 
0, 2044 
0, 2041 
0,2039 


, 2036 


5 ö ö 
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4 


2 
3 
S 

* 


56 
EPs; | 


670. 


. Ps: | 


689 


of 
2 
| 4 
1 


0.2034 ! 
O. 2031 
O. 2028 
O. 202.5 
O0. 2023 


1 0.2015 
o. 201.5 


o. 2009 


0.2020 


O. 2012 


0.1954 
0. 1951 
O. 1948 
O. 1945 


0.1937 
0.1035. 
O. 1932 
O. 1930 


o. 2004 


10.1999! 
| 0.1996 


0.200740.1927 [o. 
0.1924] ©. 
0.1921 q ©. 
O. 19180. 


o. 1993 
o. 1991 
o. 1988 
1 0.1986 


0.199 3 


0.4 916 
O. 1913 
0.1911 
O. 1 908 
0.1905. 


o. 1902 


0.1943 ] ©. 
0.1940 ] ©. 


0.1980 
0.1977. 
O. 1975 


0.1972 
0.1969 


0.1966 
0.1964 
0.1951 
0.1959 


0.1 900 


0.1594. 
0.1891 
O. 1889 


O. 1884 
0. 1881 
0.1878 


0.1956 | 


0.1597 | ©. 


0. 1886 


0.1875 o. 


.. ˙ A 00 


/ 
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70” 
1 
O. 1710 
o. 170% 
o. 1705 
| 0.1702 | « 
0.1699 


„ 
F 
| 0.1545 | 0.1462 
0.1542 | 0.1459 
| 0.1540 | 0.1456 
| 0.1537 0.1453 
[21534 [0.1451 | 
0.1696 [o. 16140. 1531 [o. 1448 
o. 1694 [o. 1611 [0.1528 [o. 1445 

o. 1691 [o. 1608 [0.1526 | 0.1442 

o. 1688 [o. 16060. 15230. 1439 
o. 1685 o. 1603 0. 1520 fo. 1437 

0.1683 | 0.1600] 0.1517 | 0.1434 

| 0.1680 | 0.1597 [o. 1515 | 0.1431 

0.1677 | 0.1595|o0.1512]0.1428 
[0.1674 | 0.1592 | 0.1509 | 0.1426 
0.1672 | 0.1589]0.1506|0 1423 | 
0.1669] 0.1586] 0.1503 | 0.1420 
| 0.1584] 0.1501 | 0.1417 
o. 1581 [o. 1498 | 0.1414 
o. 1578 o. 1495 0.1412 
0.1575] 0:1492 [1409 


* 


2 © 0 N 


EG 
+4 
5 
27; 
5 
2 


10.1 573 ; 
] 0.1570 


0.1567 


] 0.1564. 
0.1562 | ©. 


0.1559 


o. 1 5.56 
0.1553 


O.I 550 


| 0.1 547 | 


ni 


A 


| 0.1467 


| 0.1470. 


0.1403 


] 0.1400 
| 0.1398 
0.1395 


0.1392 


| 0.1359 


0.1386 
0.1384 


0.1381 


10.1406 |} 
0.1487 
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n 
=} P. P. 


J. F. 


750 


1 


0.1294 
0.1291 


0.1288 
0.1286 
0.1283 


o. 1280 


0.1277 
0.1274 


6 | 0.1272 


0.1269 


0.1266 | ©. 
o. 1263 | 0. 


0.1260 
0.1257 
0.1 2.55- 


o. 1201 
0.1198 


0.1195 
o. 1193 


0.1252 | ©. 


0.1249 
0.1246 


0.1243 
0.1241 
0.1238 
0.1235 
0.1232 
0.1229 
0.1226 


0.1224 [o. 


0.1221 
0.1218 
0.1215 
o. 1212 


Half a Miles Diff. of Long. 1 5 


1 1 

5 e K. ö . 

0 0.1039 0.0954 0.0868 

2 0.1037 0.0951 0.0865 

4 0.1034 0.0945 0.0862 

6 0.1031 0.0 948 0.0860 
8 0.1028 0,094.3 0.0857 
10 | 0.1025 0.0940 0.08 54. 
12 o. 1022 0.0937 0.0851 
14 o. 1020 0.0934. 0.0848 
16 o. 1017 0.0931 0.0845 
18 0.1014 0.0928 0.0842 
20 | 0.1011 0.0925 | 0.0839- 
22 o. 1008 0.0923 0.08 37 
24 0.1005 0.0920 | 0.0534 
26 o. 1002 0.0917 [0.0831 
28 0.1000 0.0914 0.0828 
30 0.0997 0.0911 0.0525 
32 0.0994 | 0.0908 0.0822 
34 | 0.0991 0.0905 0.0819 
36 0.0988 | 0.0903 0.0817 
38 0.0985 o. o oo 0.081 4 
49 | 00982 | o.o8g7 0.0811 

” 8 0.0980 0,0894. 0.0808 
44 0.0977 0.0891 0.0805 
46 0.0974 0.0888 0.0802. 
0.09971 0.08585 0.07 99 
5o | 0.0968 0.0882 0.07 96. 

- $3 0.0965 0.08860 | 0.0794 

Is 0.096 3 0.0877 0.07 91 
| 0.0960 0.087 4. 0.0788 
58 0.0871 0.0785 
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| Now, by the Help of this Table, the mean 
parallel Difference of Longitude between any two 
Places, may be found thus, "= 


Having the Latitudes of the two Places, and 
the Differences of their Longitudes given, then, 
whether the Latitudes are both North, or both 
South, or one of them North, and the other 
South? Add their refpective parallel Parts found 
in the 'Table, into one Sum, and multiply that 
Sum with the given Difference of Longitude in 
Miles, the Product will be the mean parallel Di- 
ſtance in Miles, between the Meridians of thoſe 
two Places, as the laſt Figure will ſhew. 


EXAMPLE. 
Suppoſe two Places, one in 24* 30, the other is 
39® 26' of Latitude, aud let their Difference of 
Longitude be 410 22 = 2482 Miles; Then, 


18 £24? 30 Its parallel Parts 0,4550 PF 
| _— 735 26 Ibid. - - - 9882 1 


0,8412 


And ,8412 multiply'd by 2482 = 2087, 8584 
Miles the mean parallel Difference of Longitude, 
or Diſtance between the Meridians of theſe two 
Places: Or this may be performed by the 'Table 


— By g's tes — 
r e enn . 
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Sum of the parallel Parts is 8412 
F J 550248533 


The Difference of Longitude is 


2482 Miles, the Logarithm is : 3,3948018 | 


— ——:d: 


The parallel Diſtance is 208, 8 5, 
Sc. the Logarithm of which is 5 en 
The Uſe of theſe mean parallel Differences of 
Longitude, and of their Logarithms found as 
above, will fuller appear in the Calculations of 
the following Problems, in Sailing according to 
this Method. | 


1-H E 


'l *% 


CALCULATION 
NAuTICAL PROBLEMS 


B * 


PARALLEL PARTS 


SE O £ 3 XIII. 

8 OTE, If two Places lie under the Equi- 
JT ICS noctial, their Poſition is due Eaſt and 
Weſt, and their Difference of Longi- 
tude reduced into Miles, is their true 
Diſtance in Miles; or, if two Places lie under the 
ſame Meridian, their Poſition lies North and South, 
and their Difference of Latitude converted inte 
Miles, ſhews their Diſtance ; and ſo far this Me- 


thod of Sailing is the ſame with Plain and Merca- 
for Sailing. 


PROB. 


Nautical Prob. by Parallel Parts. 3 19 


| 7 R O B. I. 
The Latitudes of tuo Places, and their Difference 


of Longitude, being given, to find their Courſe 
and Diſtance. 


EXAMPLE. 


Admit a Ship ſail from the Lizard, Latitude $0, 10 
North, to the Iſland of Bermudas, whoſe Lati- 
tude is 32 25 North, and its Difference of Lon- 
gitude is ſuppoſed to be 56* = 3360 Miles Weſt 
of 7 Lizard, what will the Courſe and Diſtance 
be © 


50? 1o' Parallel Parts o, 3203 ö 
. + 25 Ibid += 04222 


Diff. 1) 45 Their Sum o, 425 
| 60 Diff. of Long. '3 1683 Mult. 


Miles 106 5=AC Product 2494,8 M. = AB 


H ENCE, in the right angled Triangle C A B, 

there is given the Difference of Latitude A C 
= 1065 Miles, and the mean parallel Difference 
of Longitude A B = 2494,8 Miles, to find the 
LC e and BC, as in Plain Sailing; thus, 


B 


— 
—— 


— —— 
——— roo 


r 


o 
+ 8 1 — 
— — 2 noone, —— rnd ——— 9 ꝙf——— 


b 
U 
1 
4 
' 


As AC = 1065 FRY Diff. of Lat. 3,0273496 


Is to the Radios = = 10,0000000 + 


Sois AB = 8 Miles, the mean 
— — es | ongitade - 29s 33999773 


1— — 
„ Ne —_ 


To the Tang. of the Courſe 662 $3 
= SWbW + 102 38/ 3 — 


or the Courſe may be other ways found without 
multiplying the Sum of er Parts, with the 
Difference of Longitude, c. as above; thus, 


RULE. 


If the.Logarithm of the Sum of the parallel Parts, 

the Logarithm of the Difference of Longitude, and 

the arithmetical Complement of the Logarithm of the 

Difference of Latitude, be all three added together, 

and 10 be ſubtracted from their Sum, the Remainder 

will be the Tangent of the Courſe; as in the laſt 
Example. 


Sum of the parallel Parts is o, 7425 L. 9, 8706965 
Difference of Longitude is 3360 Log. 3, 5263 393 
Diff. of Lat. 1065 Arith. Comp. 6,99 26504. 


—— 


T. of 66? 55 Ang: of Courſe as above ce ct | 


Then, for the Diſtance B C. 


As Coſine of Courſe = LB = 23%“ 9, 5939555 
Is to Diff. of Lat. A C = 106 5 Miles 3,0273496 
So is the Radius I0,0000000 


To the Diſtance ſailed 2113 Miles 3,4333941 


PROB. 
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F ROE Ik 


One Latitude, with the Courſe and Diſtance, being 
given, to find the other Lavitade, aud the Diffe- 
rence of Longitude. 


EXAMPLE. 


Suppoſe a Ship ſail from the Latitude of 50 100 
North, upon a S WU W 10? 38“ Weſterly 
Courſe, until ſhe hath [filed 2713 Miles, what 
Latitude will ſhe be in, and what will the Diffe- 
rence of Longitude be S 


N this Example there is given 8 W by W 
10 38“ Weſterly, which is 66 531 = A C, 
and the Diſtance failed 2713 Miles = CB, to find 
AB the mean parallel Difference of Longitude, 
and A C the Difference of Latitudes. 


A 


C 
To find A C. 
CCC 10,0000000 


Is to the Diſt. fail'd = 2113 Miley 354333941 
So is the Coſine of the Coprie 66 5 ty 9,5939555 


—— — — 


To the Diff. of Lat. = 1065 Miles 3, 0273496 
'Y Which 
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Which being converted into Degrees is 15 45“: 
Then from the h 
Iſt Lat. 30 10“ Parallel Parts , 2047 
| Add 


Subtract 17 45 Ibid. = = 0,4222 


— 


New L. 32 25 Their Sum is 0,7425 to be 
| reſerved. 


Then, 


As the Radius 8 10, ooooooo 
Is to the Diſt. fail'd = 21713 Miles 3,4333941 
So is the Sine of the Courſe 66 53” 9, 9636496 


il nz ev mmm 


To the mean Diff. of Long. = 2494,8 3,3970437 


Which being divided by the reſerved Sum of 
the parallel Parts, the Quotient will be the Diffe- 
rence of Longitude. 'Thus, 2494,8 divided by 
7425, the Quotient is 3360, the Difference of 
Longitude in Miles ; which being converted into 
Degrees, is 56*, for the true Difference of Longi- 
tude towards the Weſt. | 
Or the Difference of Longitude in Miles, may 
otherwiſe be. found without Diviſion, thus, 


From the Logarithm laſt found 3, 3970437 


Take he Log. of * Sum of 00 
rallel Parts, viz. of o, 1425, the 9,8706965 
Logarithm of which is d * 


„ 


There will remain the Logarithm 
of the Difference of Longitude, > 3, 5263472 
ViZ. 3360 as above = «= - 7 


PROB, 
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PRO B. III. 


The Latitudes of two Places, and the Conrſe between 
them, being given, to find their Diſtance and 
Difference of — 


EXAMPLE. 


Suppoſe a Ship ſail from the Latitude of 32? 25' N. 
upon a NE E Courſe 10? 3% more Eaſterly, 
until ſhe come to the Latitude of 50® 10, what 
Diſtance hath ſhe ſailed, and = many Degrees 
bath fhe altered her Longitude ? | 


N this Example there is given the NEUE 

to? 48 Point. =- 66? 53 == £ C, and the 
Difference of the Latitudes, viz. 320 '25 taken 
from 50 1o', the Remains is 17 45 = 1065 
Miles = AC to find AB and CB. 


4 — — 


C 

To find B C. 
As the Coſine of the Courſe 66* 53' 9,5939555 
Is to the Diff. of Latitudes 1065 3,0273496 
So is the Radius —— - 10,0000000 


To the Diſtance failed 2713 Miles : 374333941 
1 Next, 
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Next, To find A B, the mean Difference of 
Longitude. 3 5 


50 100 Parallel Parts 0,3 203 
Lat. * 
32 25 Ibid. - 6,4222 


— 


Their Sum 04,7425 


As the Radius = - = _ 10,0000000 
Is to the Difference of Latitude ro65 3,0273496 
So is the T. of the Courſe 66 53' 10, 3696257 


To the mean Diff. of Long. 2494, 8 M. 3,3969773 


Which being divided by 0,74.25, the Sum of 
the parallel Parts, the Quotient will be the Diffe- 
rence of Longitude, viz. 3360 Miles = 569, the 
Difference of Longitude towards the Eaſt : Or, 


From the laſt Logarithm - | 3,39691"73 
Take the Logarithm of „5425 9,8706965 


— 


The Remainder is the Logarithm 
3360, which is the Difference of 3,5262808 


Longitude in Miles, as above 


ROB 


Nautical Prob. by Parallel Parts. 3 25 


PR O:08. IT. 


The Latitudes of two Places, and their Diſtance, 
being given, to find their Courſe and Difference 


of Longitude. 
EA AMPLE 


Suppoſe a Ship ſail from the Latitude of 50? 10' N. 
between the South and the Weſt 2113 Miles, and 
then is found by Obſervation, to be in the Lati- 
tude of 32 25 North, tis required to find what 
Courſe the Ship hath ſailed upon, and how many 
Degrees ſhe bath altered her Longitude ® ' 


ERE is given AC, and BC = 2713 Miles, 
to find AB, and the L C, viz. 


| 50? 10 Parallel Parts 0,3203 ) 
Lat « Add 
is . 28 Ibid. - - 0,4222) 


AC = tos 7425 Sum. 
To find the C C. 
As the Diſtance failed = 2713 Miles 3,4334498 


Is to the Radius — — - _10,0000000 
So is the Diff. of Lat. = 1065 Miles 3,0273496 


To the Coſine of the Courſe = 66 53“ 9,5938998 
Which is S WSW 10? 38' W. Then, 


TV xz As 
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As the Radius — =  10,0000000 
Is to the Diſtance failed = 2713 Miles 3, 43 34498 
801 is the Sine of the Courſe = 660 53/ 9,9636496 


— z— Oo 


To the mean Diff. of Long. 249499 33969774 


Or thus, 


The Diſt. BC=2113 
| Add and ſubtract. 


D. of Lat. AC=1065 


Their Sum 3778 Its Log. 3,57712620 
Their PI 1648 bid. 3,2169572 


— — 


6,7942192 Sum 


Whence the mean Diff = 7049 5 Po” 
Log. of which is 5 3: * 28, 


From whence the true Difference of Longitude 
in Miles, Oc. may eaſily be obtained, either by 
Diviſion, or by the Logarithms, as in the 2d and 
3d Problems foregoing. 


PROB, 
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FROM: 3, 


The Difference of Longitude between any two Places 
that are both in any known Parallel of Latitude, 
being given, to find their true Diſtance in Sea 
Miles. | 


"YE Solution of this Problem is eaſily per- 
formed by the Table of parallel Parts, and 
the Reaſon thereof is as eaſily conceived, if it be 
conſidered that thoſe Numbers are only the Parts 
of a half Mile's Difference of Longitude in each 
7 8 0 reſpective Latitudes. Whence it follows, 
That, 

If the Difference of Longitude in Miles between 
any two Places, both being in one Parallel of La- 
titude, be multiply d by the Double of the paral- 
le] Parts belonging to that Latitude, the Product 
will be the true Diſtance in Miles, as in the fol- 
lowing 

ETA MPL E. 


Suppoſe two Places lie both in the Parallel of 
48 22“ (either North, or South) Latitude, and 
their Difference of Longitude is 4.8 46 = 2926 
Miles, what is the Diſtance of theſe two Places 
aſunder ? 


The given Latitude 48 22/- parallel Parts = 
0,3322, which multiply'd by 2, is 0,6644, which 
multiply'd by 2926, the Difference of Longitude, 
the Product is 1944,0344 Miles, the Diſtance re- 
quired. 


Or otherways, by the Logarithms without Mul- 
tiplication; thus, | 


YT 4 Double 
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Double of parallel Parts is o, 6644 Log. 9, 8224296 
Diff. of Long. in Miles is 2926 Log. 3,4662543 


— — — 


Hence the Diſt. is 1944 Miles, as above 3, 2885039 


PAOB. N 


The Diftauce between any two Places that are both 
in any known Parallel of Latitude, being given, 
t find their true Difference of Longitude. 


F 3 Problem is only the Converſe of the 
laſt, and is therefore to be anſwered by the 
converſe Operation; thus, Divide the Diſtance 
given, by the Double of the parallel Parts belong- 

ing to the given Latitude, and the Cu 

be the Difference of Longitude in Miles, c. as 

in the following J 


EXAMPLE. 


Suppoſe a Ship ſail 1944 Miles (either direcily Eaſt, 
or directly Weſt ) in the Parallel of 48* 22 Lat. 
what is ber Difference of Longitude © | 


Here the given Latitude 48* 22/, parallel Parts 
0,3322, the Double of which is 6644, and 1944, 
the given Diſtance, divided by ,664.4, the Quo- 
tient is 2926, the Difference of Longitude in 
Miles. | ee eee 
Or otherwiſe, by the Logarithms without Di- 
viſion; thus, | 


From 


uotient will 
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| From the Log. of the Diſt. 1944 Miles 3528 86963 
Take the Log. of double Parts o, 6644 9,8224296 


FEI... -  Tw 


The Remains will be the Log. of 2926 3,4662667 


Which being converted into Degrees, will be 
48? 46% the true Difference of Longitude, as was 
required. | 


P R OB. VII. 


If the Diſtance ſailed in any Parallel of Latitude, 
and the Difference of Longitude were given, to 
find the Parallel of Latitude. $6” 


ROM the Work above, it will be eaſy to 
perceive, that if the given Diſtance be di- 
vided by the Difference of Longitude. in Miles, 
Half that Quotient will be the paralle] Parts, 
which being found in the Table, will ſhew, or 
aſſign the Latitude ſought, Ec. for the reſt. 

'Thus you have the Method of computing a 
Ship's Motion upon any ſingle Courſe (having the 
uſual Datas) by the Help of the Table of parallel 
Parts; and that nothing may be wanting to ren- 
der it as plain and eaſy to be underſtood as poſſi- 
bly I can, I ſhall here give a Solation at large, to 
the ſame Traverſe that hath been already propoſed 
in Plain and Mercator Sailing, Viz. 


Suppoſe a Ship is to ſail from the Lizard, Latitude 

Fos 1o' to Bermudas, Latitude 32 25, both 
North, whoſe Difference of Longitude is 56 = 
3360 Miles Weſt of the Lizard, aud being put to 
Sea, ſails upon the following Courſes, viz. WSW 
100 Miles, SSE 8 Miles, W 95 = 


" * 
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NWIYW I W 67, Miles, S 58 Miles, and then 
 SW&4S+$W go Miles; what Latitude will the 
Ship be in, and how much will ſue have altered 

ber Longitude ; and what will the direct Courſe 

and Diſtance be from the Place at the Eud of this 

Traverſe, to Bermudas? | | 


What Angles theſe ſeveral Courſes make with 
the Meridian, is ſet down in the Traverſe Tables 
in Plain and Mercator Sailing; and the Diffe- 
rence of Latitudes and Longitude upon the firſt 
Courſe, may be found by Prob. II. of this Section. 


Thus, 


As Radius = =, 10,0000000 
Is to the Diſtance ſailed roo Miles - 2,0000000 
So is the Coſine of the Courſe 65 30“ 9, 5828 395 


— —— — 


To the Diff. of Latitude 38,2 Miles 1, 382839) 


Then 50 10! — a? 38' = 49 32, the Ship's 
Latitude. 


50? 107 Parallel Parts 0,3203 | 
Lat. < wy | "FS Add 
49 32 Ibid. - - 0,3245 


4 | 0,0448 . 
its Logarithm is 9,8094250 
Then as the "YR 7 10,0000000 
Is to the Diſtance failed = 100 Miles 2,0000000 


So is the Sine of the Courſe 65 30 959656153 


* 


To the mean Diff. of Long. = 92,38 1,9656153 


Which 
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Which being divided by the Sum of the parallel 
Parts, the Quotient is 143,3 Miles, the true Diffe- 
rence of Longitude. 


Or the Difference of Longitude may more rea- 
dily be found by this Proportion. 
þ 


As the arithmetical Complement of 
the Sum of the parallel Parts, © o, 19055 50 
JJ!’ œòM7 r = 


Is to the Diſtance failed 100 Miles 2,0000000 
So is the Sine of the Courſe 67 30 9,9656153 


[ > 3 — 


To the Diff. of Long. = 143,3 Miles 2,1361903 
II. Upon the 2d Courſe. 
As Radius =—-, - = - I0,0000000 


Is to the Diſtance = 78 Miles - 1,8920946 
So is the Coſine of the Courſe 22 3o' 9,9656153 


— 


2832 


To the Diff. of Lat. = 12,1 Miles 1,8577099 


Hence the new Latitude the Ship is in, will be 
48? 200. 


= 32 =P. ,3245 
at. 


Add, and then, 
(48 20 Ibid. , 3324 


As Sum of theſe Parts „6569 Ar. Comp. 0,1825007 
Is to the Diſtance ſailed 78 Miles 1,8920946 
So is the Sine of the Courſe 22 30“ 9, 5828397 


DN 


To the Diff. of Longitude 45,4 Miles 1,6574350 
III. To 


by * 
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III. To find the 1 — of Longitude upon 
the 3d Courſe, viz. due Welt in the Parallel of 
48* 20 Latitude, whoſe parallel Parts are ,3324, 
which doubled is 56648 Then, 


From the Log. of Diſt. fail'd 95 Miles 1,97171236 
'Take the Log. of double Parts „6648 Were 


The Difference of Long. 142,9 Miles 2,15 50326 
IV. Upon the 4th Courſe. 


As Radius = = 10,0000000 
Is to the Diſtance ſailed = 67 Miles 1,8260748 
So is the Coſine of the Courſe 59 4/ 997109972 


> — - - 


To the Diff. of Lat. 34,4 Miles North 1,5 37020 


Which being added to the laſt Latitude, the 
Sum is 48 54, a new Latitude. 


1 . 200 P., 3324 
at. 


on Add, and 7 can 
48 54 Ibid. 253287 


As Sum of theſe Parts 6611 Ar. Comp. Lanantet 
Is to the Diſtance failed = = 67 Miles 1,8260748 
So is the Sine of the Courſe = 59® 4“ 9,9333688 


——‚àʒü6Eà8 — 


To the Diff. of Long. = 86,9 Miles 1,9392064 


V. The 5th Courſe being directly South, 
only alters the Latitude juſt ſo much as the Di- 
ſtance failed, viz. 58 Miles, or Minutes, and 
9 che new Lat. the Ship is in is 4) 56. 


VI. Upon 
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VI. Upon the 6th and laſt Courſe. 


As the Radius = „ I0,0000000 
Is to the Diſtance failed = go Miles 1,9542425 
80 is the Coſine of the Courſe 39 22 9,8882372 


— . — 


— 


To the Diff. of Lat. 69,6 Miles — 1,8424797 
Hence the new Latitude will be 46* 47". 
oi 56' P., 3350 
at. 


5 Add, and then, 
46 47 Ib. „3424 


As Sum of theſe Parts ,6774 Ar. Comp. o, 1691 548 


Is to the Diſtance ſailed 90 Miles 1,9 542425 


So is the Sine of the Courſe 39 22 9, 8022816 


— — 


To the Diff. of Longitude 84, 2 Miles 1,9256789 


— 


Now, if the Anſwers thus found to the ſeveral 
Parts of this Traverſe, be collected and truly diſ- 
poſed of, each under its proper Head, the Work 
will ſtand as in this TaBL. 


Dit. Dt of Lat. Lat. the IDift. ot Tong. 
| Courſes Points ſailed North (South |Ship's in] Eaſt } Wett 
1 - M. M. M. So, 10 M.] M. 
W. 6 [100] - - [38,2[49,32] - - [143.3 
| S.SE | 2 782,148, 2045, 4 
ww} 8 | 95]- -|- - [48,29 142, 
Wei 5 +| 6734-4 = [48,54] - -| 86,6 
mn o | 58|- - {58,0147,56| - -| - - 
[swisiw| z x] go] - 60, 646.4 - - | 84,2] 


Sum = 45,41457,0 


From 
1 
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From the Work of this Traverſe, it appears, 
that the Ship is got into the Latitude of 46 47 
North, and hath altered her Longitude 6® 51' 36” 
Weſtward from the Meridian of the Lizard (that 
is, from 457 take 45, 4, and the Remains is 411,6 
Miles = 6? 51“ 36”, which differs but 18” from 
what was found by Mercator Sailing. 


Then, to find what Courſe and Diſtance the 
Ship muſt ſteer to arrive at Bermudas, work as in 
Prob. I. of this Section. | 


$46? 47 Parallel Parts 34240 
Lat. C32 25 Ibid. - - 4222 Add 


Diff. 14 22 = 862 Miles „7646 Sum. 


And from the Difference of Longitude of the 
Lizard, and the Iſland of Bermudas, viz. $62 
ſubtract the Difference of Longitude gained by 
the Traverſe 6? 51', and the Remains 49® 9 = 
2949 Miles for the Diff. of Longitude between the 
Place the Ship is in and Bermudas : 'Then, 

As the Diff. of Lat. 862 Miles Comp. Ar. 1,064492"7 
Is to the Diff. of Longitude 2949 Miles 3,4696748 
So is the Sum of the = P. ,7646 Log. 9, 8834343 


— — 


To the Tangent of the Courſe 69 50 10, 4176018 
Next, To find the Diſtance. 

As the Coſine oF the Courſe 69? 5 9,5526801 

I5 to the Diff. of Latitude 862 Miles 2, 935503 

So is the Radiuuus? = 10,0000000 


76— — 


To the Diſtance required 2414, 5 Miles 3, 3828 272 
Hence 


# 


1 
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Hence the Courſe that the Ship muſt ſteer from 
the Place ſhe is in, to the Iſland of Bermudas, 
muſt be WSW + 12? 35 to the Weſt, and the 
Diſtance ſhe muſt fail to arrive there, is 2414, 5 
Miles, which is only 1 Mile + leſs than it was 
found by Mercator Sailing. 


Nov, altho' the Work of this Traverſe, and 
the reſt of the Calculation in this Section, if com- 
pared with their reſpective Caſes in Mercator Sail- 
ing, do ſufficiently ſhew, that the Difference be- 
tween the Anſwers found by parallel Parts, and 
thoſe found by meridional Parts, is very inconſi- 
derable, yet it may not be amiſs to give the Rea- 
der ſome farther Satisfaction therein; and, in 
order to that, I ſhall here propoſe to find the 
Courſe and Diſtance between two Places that are 
very remote from each other, and ſolve the Que- 
ſtions at large, according to all the Methods alrea- 
dy taught; and likewiſe the true Diſtance by 
great Circle Sailing, that ſo it may appear how the 
Truth of this Method may be depended on. 


PUESTION 


Suppoſe a Ship was to ſail from Longnaſs, which 
is upon the Eaſt Coaſt of Iceland, in the Latitude 
66? 26' North, to the River of Amazons, which 
is under the Equinoctial, or on the Coaſt of Bra- 

zil, in America, whoſe Difference of Longitude 
from Longnaſs, we will ſuppoſe to be 36® Weſt- 
ward, what Courſe and Diſtance muſt ſhe ſail © 


In this Queſtion there is given the Difference of 
Latitudes, 66*® 26' =. 3986 Miles, and the Diffe- 
rence of Longitude 36* = 2160 Miles, to find 
the Courſe and Diſtance. 


1. By 
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1/7. By Plain Sailing. 


As the Diff. of Latitudes 3986 Miles 3,6005373 
Is to the Radius - - 10, ooooooo 
So is the Diff. of Long. 2160 Miles 3, 3344537 


— 


To T. of the L of the Courſe 285 27 941339164. 
Then, 


As the Coſine of the Courſe 28* 27 9,9441041 
Is to the Diff. of Lat. 3986 Miles 3, 6005373 
So is the Radius - —- = = 10,0000000 


To the Diſtance required 4533 Miles 3,6 5643 32 
2aly. By Mercator Sailing. 


66 26 M. P. 53887 1 

b 1 _— Or Lat. inlarged. 
As the Diff. of Lats. inlarg d 5388 Miles 3, 31426 
Is to the Radius? - = 10,0000000 
So is the Diff. of Long. 2160 Miles 353344537 


To T. of Ang. of Ship's Courſe 2115 3,6329138 
Then, 


As the Coſine of the Courſe 21 15 9,9656235 
Is to true Diff. of Lat. 3986 Miles 3, 6005373 
So is the Radius - =- 10, ooo 


To the Diſtance 4294, 5 Miles - 3,6329138 


3dly. By 


Nautical Prob. by Parallel Parts. 337 


3. By Middle Latitude. 


The middle Difference of Latitude is 33 13“: 
Then, : | 

As Diff. of Lat, 3986 Miles 3, 6005373 
Is to Coſine of the midd. Lat. 330 13' 9,9225205 
So is the Diff. of Long. 2160 Miles 3,3344537 


+ — — - 


To the Tang. of the Courſe 24? 23' 9, 6564369 
Then, 
As the Coſine of the Courſe 245 23 9.9 594248 


Is to the Diff. of Lat. 3986 Miles 3,6005373 
So is the Radius =- = 10,0000000 


— 


— — 


To the Diſt. required 436,3 Miles 3641112 5 


4. By the Arch of a great Circle. 


It is ſuppoſed that 'the Learner does not yet 
underſtand Spherical Trigonometry ; for which 
Reaſon, it would be altogether inconſiſtent to 
place a Work here to which the Learner is an 
imagined Stranger, and I ſhall therefore content 
myſelf with ſetting down the Diſtance as it may 
be found by a ſpherical Calculation, which the 
Learner may go thro* when he is acquainted with 
the Solution of ſpherical Triangles, and will find 
it to be 11? 8“ = 4268 Miles, being the true 
Diſtance between Longneſs and the River Ama- 
Song. | | 


2. „ 
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$. To find the Courſe and Diſtance by the Method 
of Parallel Parts. 


66* 26“ Parallel Parts 0,1999 


Latiads | | 
00 vo” 00 1 


; Their Sum 6999 
Then, 


As Diff of Lat. 3986 Miles — 3,6005373 
Is to the Diff. of Long. 21 60 Miles 3,3344537 
So is the Sum of the P. P. o, 6999 Log. 9, 8450360 


75 o the 'T ang. of the Courſe 200 47 9,5789524 


271 hen, | 
As the Coſine of the Courſe 20? 47 9, 9700786 
Is to the Diff. of Lat. 3986 Miles 3,6005373 
So is the Radius wm I0,0000000 


— —᷑ ö 


| To the Diſt. required 4263, 4 Miles 3,6297587 


Let us now collect theſe ſeveral Diſtances and 
compare them together, that we may ſee which of 
them comes neareſt to that found By the Arch of 
à great Circle, which is undoubtedly the true 
Diſtance between the aforeſaid Places. 

Ihe Diſtance by the Arch is 4268 Miles: By 
Plain Sailing, 4533 Miles, which is 265 Miles 
too much: By Mercator Sailing 4294 Miles, and 
is 26 Miles too much: By Middle Latitude 4.376 


Miles, being 108 Miles too much: By Parallel 
Parts 
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Parts 4263 Miles, being only 5 Miles too little, 
which is a very ſmall Difference in fo large 4 
Diſtance, and is an Error on the ſafeſt Side. 

In this laſt Example the Difference of Latitudes 
between the two propoſed Places is 3986 Miles, 
which is almoſt double to 2160, the Difference of 
Longitude ; and in the firſt Example of parallel 
Parts, the Difference of Longitude is 3360 Miles, 
which is more than triple the 1065, the Difference 
of Latitude; and yet in both the Examples, the 
Diſtance found by the Help of the parallel Parts, 
differs but a very little from the true Diſtance, 
which is a ſufficient Argument to warrant the 
Practice of this Method. 

However, as a farther Confirmation of the 
Truth thereof, I ſhall here propoſe a third Ex- 
ample, wherein the Difference of Latitudes, and 
that of Longitudes, are nearer equal to each 
other. 


Suppoſe it was required to find the Diſtance between 
the Lizard, Latitude 50 10 North, and the 
Iland of Barbadoes, in the Latitude of 13 100 
North, «whoſe Difference of Longitude is 52? 58“ 
Weſt of the Lizard © 


The Diſtances of theſe two Places being truely 
found, according to all the aforeſaid Methods of 


Sailing, will be as follows, viz. 


The Diſtance by Great Circle Sailing 3396 
Miles, being the true Diſtance: By Middle Lati- 
tude 3499 Miles, which is r03 Miles too much: 
By Mercator Sailing 3433 Miles, and is 37 Miles 
too much: By Parallel Parts 3393 Miles, being 
3 Miles too little. 


Z. 2 And 
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And now, upon the Whole, I hope the Reader 
hath received ample Satisfaction how far (or with 
what Safety) this Method of Sailing which I have 
here propoſed, may be relied on in Practice: And, 
that I may adventure (without Preſumption) to 
ſay of it as Mr. Edward MWrigbt, the Author of 
Mercator's Sailing, and Mr. Norwood, who under- 
ſtood it very well, did both ſay of Mercator's 
Chart (and conſequently of that Method of Sailing) 
viz. That it agrees with the Globe itſelf, without 
any ſenſible or conſiderable Error. 


Note, By the Globe itſelf, is here meant, ſailing 
by the Arch of a great Circle, 


And as to the Eaſineſs of the Operations per- 
formed by the Help of theſe parallel Parts, I be- 
lieve the Reader may judge of that, by what he 
hath ſeen done in this Section, which may alſo be 
as eaſily performed with Scale and Compaſſes, ei- 
ther by projecting, or calculating : But, above 
all (take my Advice in this) what Method ſoever 
you chuſe, ftick cloſe to the Doctrine of plain 
Triangles, viz. To Calculations performed by 
the Canon of Sines, Ec. as in this Treatiſe, which 
is, above all other Ways, the moſt exact, and, 
with a little Practice, will be found as eaſy and 
expeditious, as any other Way whatſoever. 

I ſhall only beg Leave to add, "That if the in- 
genious Mariner will but give himſelf the 'Trouble 
to conſider a little of what hath been ſaid con- 
cerning the Nature of this Projection, or Chart, 
made by parallel Parts, and the Explanation of 
the Figure annexd to the Chart, he muſt 

needs underſtand how to protract a Ship's Tra- 
verſc upon it, without any farther Directions, 
| by 
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by having the uſual Datas given, and con- 
ſequently be able to keep a Reckoning of any 
Voyage at Sea, upon ſuch a Chart; and, I am 
very ſure he will find it much eaſier to lay down 
and meaſure his Courſes and Diſtances upon ſuch 
a Chart, than upon that of Mercator's, which, it 
is well known, cannot be done without ſome Dif- 
ficulty : Not that I reflect upon Mercator's Pro- 
 jeftion, which has ſo juſtly found a general Re- 
ception among the moſt skilfu] Part of the World, 
and is, in my Opinion, the beſt, before this Time, 
- publiſhed, notwithſtanding what a certain Gen- 
tleman hath advanced in Praiſe of Middle Lati- 
tude Sailing, viz. That it will ſervg, without any 
conſiderable Error, in Runnings of Y Leagues be- 
tween the Equator aud the paral$l Parts of 30; 
of 100 Leagues between that and BOꝰ, and of 50, 
as far as we have any Occaſion, ſas ſome ingenious 
Men bave very well obſerved. is poſſible that it 
may ſerve in ſhort Voyages; ad ſo (ſeveral Au- 
thors tell us Plain Sailing wilf do, without any 
great Error, in ſuch Places as are near to the 
Equinoctial; alſo in many other Places, for ſhort 
Voyages ; and even for long ones, provided that 
a Man was ſure to return the lame Way he went, 
or near the ſame ; or, as a late Author ſays, by 
breaking a long Voyage into many ſhort ones, a 
Voyage may be pretty well perform'd by Plain 
Sailing, eſpecially if it be made near the ſame 
Meridian. 


Theſe, and the like Cantions, which direct 


when and where, or how far, to uſe either Plain 
Sailing, or that by the Middle Latitude, do, to 
me, ſeem only to conceal or cover the Imperfe 
ctions of thoſe Methods; for whatioever Method 


will not hold pretty near to the Truth (viz. to 


Z 3 that 


n 


—— OI IE" N 2 
n 


142 T be Calculation of, &C. 


that by the Arch of a great Circle) in long Di- 
ſtances, is proportionally falſe in ſhort ones ; and 
- altho' the Errors are not ſo evident in ſhort Voyages, 
yet the Aggregate, or Sum of all theſe Errors, 
will amount to that of a long Voyage; and, 
therefore, it is my Opinion, that neither Plain 
Sailing, nor that by the Middle Latitude, ought 
to be depended upon in any Voyage. 


— ——— ———————— 
- N x9; G 7 N IJ 
| i — , % —=N) mY . 4 
e . 7 PR FAY — 7 9 5 BD (< 
, 7 54 J - 4 . 0 — . SS — 
by . * 10224 : GG #... 2 | 
N = 3 os 22 \ — ( * % Us vv 4 
* » = : Y | 
{ 


; * >> s a + / | 

0 | * 5 1 
£4 

7 


* 
977 
N ö 


COMPENDIUM 


VARITIATION of the Comp ass. 


— 
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HE Compaſs is an Inſtrument 
that no Navigator ought to be 
ignorant of, either as to its Uſe 
or Properties, which are, indeed, 
very wonderful. | 


IT. The Uſe of the Compaſs is to direct the 
skilful Mariner thro' the great Deep by a certain 
Road, ſo as to attain the deſired Port, according 
as the Wind permits, and is known to almoſt every 
Sailor. 


III. It was many Years after the Uſe of the 
Magnet was firſt diſcovered, that it was known 
there was any Variation in the Needle ; but for 
Years it was believed, that the N. and S. Points 
of the Compals, pointed to the N. and S. Points 


Eh - of 
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of the Horizon: But that has long ſince been 
proved to be a Miſtake, and the Method of Sail- 
ing rendered in a manner almoſt certain, which it 
was not before; for it is evident, that if the In- 
ſtrument by which the Navigator directed his 
Courſe (was believed to be true) and was really 
falſe, that Direction muſt of Neceſſity be falſe 
alſo : But altho' the Compaſs is falſe, yet if we 
know to what Degree it is ſo, then it is in effect 
the ſame thing as if it was really true ; and there- 
fore it is a Matter of the greateſt Importance to 
the skilful Seaman, to know how much the North 
or South Point of the Compaſs, differs from the 
North and South Points of the Horizon ; which 
Difference is called the Variation, and the Varia- 
tion of the Compaſs being not the ſame in all 
Places, nor even always the ſame in the ſame 
Place, it is abſolutely neceſſary to attain it by 
ſome Obſervation or another, and none has been 
found better, than by comparing the magnetical 
Amplitude, with the true Amplitude ; or, the 
magnetical Azimuth, with the true Azimuth. 


IV. The true Amplitude is found by ſphe- 
rical Triangles, and the magnetical Amplitude is 
found by an Obſervation of the Riſing or Setting 
of Sun or Star, and is what is ſo eaſy to be ob- 
tained, that it would be altogether needleſs to ſay 
any thing of it in this Place, and ſhall therefore 
proceed' to find the Variation from the Compariſon 
of theſe two Amplitudes, as briefly (tho' plainly) 
as poſſible. . ” | | 


V. In the annex'd Scheme let WN ES repre- 
ſent the Horizon, and the Points W, N, E, 8, 
the Weſt, North, Eaſt, and South Points; and 
by Obſervation, ſuppoſe it is found, that the 
Points w, , e, c, are the magnetical Weſt, North, 

„„ Eaſt, 
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Eaſt, and South Points thereof, then is the Arch 
n N ( or, which is the ſame thing, the L 2 N) 
the Variation of the Compals required. 


Fig. I. 


So that the Variation is that Angle made be- 
tween the true Meridian of the Place, and the 
magnetical Meridian, whoſe angular Point is in 
the Zenith; or, which is the ſame thing, it is the 
Meaſure of che Arch 1 N =S of the Horizon, 
contained between the aforeſaid Meridians, turned 
into Degrees and Minutes. 


VI. And here it may be noted, that if in com- 
paring the two Amplitudes together, they happen 
to be the ſame; that is, when the Line we is the 
ſame with WE, and 7 s the ſame with NS, then 
there is no Variation ; but if they differ, and are 
the ſame Way, viz. either both N orth, or both 
South, then their Difference is the Variation ; 


which, if it be at Sun-riſing, and the Amplitudes 


are both North, and the magnetical exceeds the 
true, the Variation is Eaſt ; but, if they are both 
South, the Variation is Weſt, as will be ſhewn 
hereafter. 


For, 
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For, in the preceding Figure, if © repreſenr 
the Sun at its Riſing, then is E & the true Ampli- 
tude ; and let us imagine magnetical Eaſt to be in 
e, then is e © the magnetical Amplitude ; and it 
is evident, the magnetical Amplitude, made leſs 
by the true Amplitude (both being South) is the 
Arch of the Horizon E nN, the Variation 
required, and, of conſequence, the magnetical 
North, lies to the Weſtward of the true North, 
and the Variation will then be Weſterly. 


VII. But, on the contrary, if we imagine, that 
the Amplitudes are both North ; that is, ſuppoſe 
the Sun, at its Riſing, to be in O, then it is evi- 
dent, that OE, the true Amplitude, is North; 
and if the magnetical Eaſt is at e, then is © e the 


Hg. II. 


— 


magnetical Amplitude North; and if we ſubtract 
the Arch OE, the true Amplitude, from the 
Arch Oe, the magnetical Amplitude, the Re- 
mainder is the Arch Ee Nu, the Variation, 
which, in this Caſe, is Eaſterly; for it is evident, 
from the Nature of the Thing, that the Point 2, 
the magnetical North, will be to the Eaſtward of 


the 
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the true North, becauſe the magnetical Eaſt is, 
by Suppoſition, to the Southward of the true 
Eaſt, and, of conſequence, the magnetical Am- 
plitude muſt be the greateſt. 


VIII. But if it ſhould ſo happen, that the true 
Amplitude is greater than the magnetical Ampli- 
tude, and both South, or both North, it will 
then be the Reverſe of both the foregoing Exam- 
ples, and the South Amplitudes will give an Eaſt- 
erly Variation, and North Amplitudes, a Weſt- 
erly Variation, as in the following Examples. 

For, ſuppoſe the Sun to be at L (in the laft 
Scheme) at its Riſing, then is the Arch LE the 
true Amplitude South ; and if we imagine the 
magnetical Eaſt to be at e, then is Oe the mag- 
netic Amplitude South; and the Arch © e ſubtra- 
cted from the Arch LE, the Remainder is the 
Arch Ee = Nu, the Variation required, which, 
in this Caſe, will be Eaſterly, as may be eaſily 
ſeen by the Figure. 


IX. But if we ſuppoſe the Sun to be at IL. 
(Fig. I.) then is the Arch LE the true Ampli- 
tude North; and if by Obſervation it is found 
that the magnetic Eaſt is at e, then is Le the 
magnetical Amplitude North; and the Arch Le, 
ſubtracted from the Arch LE, the Remainder 
is the Arch eE = Nx, the Variation required, 
which is Weſterly, and is the Reverie of the firit 
Example, as the laſt was of the ſecond. 


X. If theſe four Examples be underſtood, it 
will be eaſy to deduce the following Obſervations 
about the Amplitudes at Setting, vi. That if 
the magnetical Amplitude exceeds the true Ampli- 
rude, and both South, then the Variation will be 


Eaſterly ; but if they are both North, the Varia- 
tion 
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tion is Weſterly : And if the true Amplitude ex- 
ceeds the magnetic, and both North, at Setting, 
then will the Variation be Eaſt ; but if they are 
both South, the Variation will be Weſt. | 
| Theſe Obſervations ſeem to be ſuch neceſſary 
Conſequences from the foregoing Examples, that 
they need no Examples to explain them ; for the 

are what every ingenious Reader would have made 
himſelf, the Reaſons for them being ſo obvious. 


XI. If, in comparing the Amplitudes together, 
it is found that they differ in Poſition, that is, one 
is South, and the other North, then their Sum 
will be the Variation; which, if it be at Riſing, 
and the magnetical Amplitude be North, the Va- 
Tiation is Eaſt; but if the magnetical Amplitude 
be South, the Variation is then Weſt. | 
If in the annex'd Figure © be the Place of the 
Sun at Riſing, then is O E the true Amplitude 


Fig. III. 


South: And if, upon Obſervation, it ſhould 10 
happen that e is the magnetical Eaſt, it is evident 
that O, the magnetical Amplitude, is North; 
5 | and 
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and that the Arch EO, the true Amplitude, added 


to Oe, the magnetic Amplitude, gives the Arch 


Ee = N yn, the Variation requir'd, which, in this 
( 
But if (as in Fig. IV.) the Sun is ſuppos'd in 


©, then is E© the true Amplitude North ; and 


if, by Obſervation, it is found that the magnetic 
Eaſt is in e, then is e © the magnetical Amplitude 
South ; both which added together, is the Arch 
Ee = Nu, the Variation required, which, in this 
Caſe, will be Weſterly. 


Fig. IV. 


From what has been ſaid in the two laſt Exam- 
ples, it will be eaſy to conceive, that if the Ob- 
ſer vation be taken at the Setting of the Sun, and 
by comparing the Amplitudes together, they are 
found to differ, and the Magnetical be South, then 
is the Variation Eaſterly; and if the Magnetical 
be North, then is the Variation Weſterly. Theſe 


being only the Reverſe of the two former Exam- 


ples, need none, as being very eaſy in themſelves. 


By 
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By comparing theſe Examples together, it will 
be eaſy to raiſe the following ſhort Rule, viz. 


If the Amplitudes, either at Riſing or Setting, 
are the ſame May; that is, both North, or both 
South, then your Difference is the Variation ; but if 
they are the contrary ; that is, one North, or one 
South, then their Sum will be the Variation. 


And, to find whether it be Eaſt or Weſt, it 
may be done by the following Method. 


Set off the true Amplitude, if it be in the Morn- 
ing, from the true Eaſt Point; but if in the Even- 
ing, from the true Weſt Point, according as the 
Caſe directs, as to the Northing or Southing of it, 
and that will give the Sun's Place. Then ſet off 
the maguetical Amplitude from the Sun's Place, the 
contrary Way to its Title, viz. If it be North ſet it 
off South; and if it be South, ſet it off North, and 
the Point is the Magnetic Eaſt or Weſt Point; from 
i, ſect off go?, and it will give the Magnetic 
North; which, if it be on the Weſt Side of the true 
North, the Variation is Weſterly ; but if on the Eaſt 
Side, the Variation is Eaſterly. 


Upon the due Conſideration of what has been 
faid concerning Amplitude, we may eaſily perceive, 
that the ſame will hold good when we take the 
magnetic and true Azimuth, and compare them 
together, 


For (Hg. I.) if we ſuppoſe the Sun to be in ©, 
then is the true Azimuth © s; and if we imagine 
that the magnetical South is at s, then the magne- 
tical Azimuth, taken from the true Azimuth, gives 


the Arch 58 = 2 N, the Variation, which, 5 
| : this 
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this Caſe, is evident from the Figure to be Weſt- 
erly, the ſame as in the firſt Example of the Am- 


plitudes. 


Again Fg. II.) If we imagine the Sun to be 
at ©, then N © is the true Azimuth ; and if by 
Obſervation it is found that is the Magnetical 
North, then is » © the magnetica] Azimuth, 
which being taking one from the other, the Re- 
mainder muſt be the Arch of the Horizon N x, 
the Variation required. 


For Variety's Sake, we will take one more Ex- 
ample, viz. | 


Fig. IV. where let L be the Sun's Place, 
and, of conſequence, SL the true Azimuth Eaſt. 
If by Obſervation it is found that s is the Magne- 
tical North, it is evident that the Arch S L, the 
true Azimuth, added to Ls, the magnetical Azi- 
muth Weſt is the Variation required, and in this 
Caſe will be Weſterly. 


Theſe Things are fo plain in themſelves, that I 
think there need no more Examples, becauſe it 
will be repeating, in effect, what has been already 
obſerved, over again; upon which Account, I 
believe the ingenious Mariner will, if he under- 
ſtands what has been ſaid upon this Head, be 
very well able to go on with any other Varieties, 
cither of Amplitude, or Azimuth : But foraſmuch 
as what has been faid, has not been reduced to 
Practice, I ſhall, before I conclude this Head, 


give two or three Examples in Numbers, which 


will ſet the Matter in a clearer Light. 


E X 


— 93 2 tad — Ad 


25s An of 


7 EXAMPLE. he 


—_ 7 y ( Cal culation the true Amplitude is found 
to be 12 14 = Arch E ©, and by Obſervation 
the magnetical Amplitude is 389 167 both South 
== Arch e © (Fig. I.) what is the Variation 1 7 


From the magnetical Amplitude — 3 8 16% 


Subtract the Amplitude = — 12 14 


Thee Rem. is the Veritas =y E e = = 26 02 W. 


EXAMPLE II. 


Suppoſe by Calculation tbe true Amplitude i is 15* 1 2 


North = © E, and by Obſervation it is found 
that e © „Gig. IV.) is the maguetical Amplitude 
Seth 12 14 = © e, what 1 is the Variation? 


To the true Ak 1 15* 


Add the magnetic Amplitude - - 12 7 


The Sum is the Variation Arch e E =27 26 W. 


EXAMPLE III. 


Suppoſe by Calculation the Sun's Azimuth is found 
zo be 14 16' Weſt = Arch SL (Fig. IV.) and 
the ma gnetic Amplitude is Weſt = Arch Ls = 
12 12 what is the Variation? 


The true Azimuth - - 14 16 
Added to the magnetic Azimuth - 12 12 


The Sumisthe Variation = ArchSs = 26 28 W. 
= In 
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In theſe Examples I have uſed the Azimuth 
in the Forenoon, but the Thing will hold the 
ſame if it were in the Afternoon ; and through 
the whole I have conſidered the Sun only as the 
Object of Obſervation ; not that the Obſerva- 
tions of theſe Kinds are confined to it only; 
but - any of the fixed Stars will very well 
do, becauſe their Places are eaſily obtain'd, and 
it is neceſlary, if poſſible, that Obſervations 
of both ſhould be taken; and, in Voyages, the 
oftner it is done, it is ſo much the better, for the 
Correction of the Variation is a Thing of the 
utmoſt Conſequence to the Navigator, for Rea- 
ſons already mentioned. 


. 
* 


—— — — —˙——— 
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SPHERICAL I RIGONOMETRY. 


PART 


S plain Trigonometry teacheth us to 
mmeaſure the Sides, and Angles of a 
IS = SL lined Triangle; ſo Spherical 
em Trigonometry teacheth to meaſure 
the Sides and Angles of Triangles, 
whoſe Sides are Parts of Circles ; which the Sides 
of all Triangles are, that can be, deſcribed upon 
a Sphere or Globe. But becauſe a Sphere or Globe 
is not only cumberſome in its ſelf, but in many 
Caſes not very true, becauſe of the Errors of the 
Mechaniſm, it will be neceſſary, before we come 
to Calculation, to teach, how any Circle or Cir- 
cles of the Sphere may be Geometrically tranſ- 
ferred or repreſented, upon a Plane in any given 
Poſition, which is a Branch of Perſpective, and 
is principally of two Kinds, and are called Ortho- 
graphical Projection, and Stereographical Projection; 
of which, each in its proper Place. , 


Aa 2 SRC. » 
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8 


The Orthographical Projection of the 
Sphere. 


DEFINITION I. 


HE Orthographical Projection of the 

Sphere, is the transferring the Repreſenta- 
tion of the Sphere, ſcen at an infinite Diſtance, to- 
gether with its Circles, into a Plane, by Rays per- 
pendicular to that Plane; the Foundation of which 
| depends upon the following Suppoſition, viz. 


That the Eye is at an infinite Diſtance both from 
the Objet?, and from the Plane upon which the 
Pro jection is made. 


Which being granted, the . 5 
will appear to be plainly demonſtrated. 


PROP. I. 


The Rays by which the Eye ſees any Object at 
an infinite Diſtance, differ infinitely little from 
parallel Rays. 


DEMONSTRATION 


KE 2 perpendicular to A B, andin 
the Middle of it, draw F A and GB pa- 


rallel to I. Z.; then draw AC, BC, AD, BD, 
B BE, A L, BL. Now ſupppoling the Eyc 
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at C, it is plain that AC and ACE Rays from 
C to A and B. And again, ſuppoſing the Eye 
at D, then the Rays are AD and BD; and 6 
placing the Eye farther from the Center, as at 
E and L, the Rays become EA and L A, Oc. 
The Eye being placed ſtill farther, the Rays 
become longer; and as the Length of the 
Rays increaſe, the Angle at the Object increaſeth; 
for the Angle DA Z is greater than the C CA Z, 
by Prob. X. Sect. II. Part II. And the Eye 
being infinitely extended from the Plane of the 
Projection, the Rays will become F A and GB, 
or infinitely near to them; and the Lines FA 
and G B being perpendicular to the Plane, the 
Rays will be ſo too, or infinitely near to Perpen- 
diculars Q E D. 


DEFINITION II. 


That Plane, into which the Sphere together 
with its Circles, is to be transferred, is called the 
Plane of the Projection; and that Circle, in which 
the Repreſentation falls, is called the Primitive. 


DEPE 
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DEFINITION II. 
A Point in the Surface of the Sphere, is pro- 
Jetted into a Point, Where; a Ray perpendicular 
to the Plane of the Projection paſſing through 


the Eye, and that Point, till it meet with the 
Plane of the Projection. 


"PAT. 


A Right-line, perpendicular to the Plane of the 
Projection, is projected into a Point, where that 
_ Right-line cuts the Plane of the Projection. 


DEMONSTRATION 


T* HIS' Propoſition will appear plain from 
Defin. I. becauſe a Line that is perpendi- 
cular to any Place, is but a Point in reſpect to 
that Plane. | e 


N 
A right Line, as AB parallel (or as CD ob- 
. lique) to the Plaue EL. Z, is projected into a 
right Line, as EZ and RS, and are always 


comprehended between their extream Perpendicu- 
lars, AE, BZ, aud CR, DS: 


[PI. I. Fig. 2. Place the Moving Plane perpendicular to the other.] 


DEMONSTRATION. 


HE Lines A E B Z. being ſuppoſed 
equal, and perpendicular to the Line E Z, 

the Line A B is parallel alſo to E Z, per 6 Eu- 
clid II. and it is plain, that the Eye ſeeing the 
4440 E Points 
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Points A and B, by perpendicular Rays, the 
Rays will be AE and B Z, which are, by Sup- 
| poſition, perpendicular, and will, of Conſe- 
uence, incloſe the Space E Z, which muſt there- 
Be be a right Line, becauſe parallel ro A B. 
Again, Suppoſing the Eye to ſee the Line 
C D (obliquely poſited to the Plane E L Z) by 
the Rays CR and DS, tis likewiſe evident, 
that the Diſtance any where between the Rays, 
as R 8 will be a right Line on the Plane of the 


Projection. 
. 


— A right Line that is parallel to any Plane, is 
projected into another right Line that is equal to 
it, as being between the ſame Perpendiculars; 
and on the contrary, a right Line oblique to the 
Plain, is projected into a Line ſhorter than its 
elf. 1 

For, draw ND parallel to the Plane EL Z, 
then is N D=R S by the firſt Part of this Cor. 
But the Triangle NCD being a right-angled 
Triangle, becauſe CR is perpendicular to E Z, 
by Suppoſition, and therefore the Hypothenuſe 
CD muſt be longer than ND or RS, its equal. 
Per Prop. XIV. Sect. II. Part I. 


COR O L II 


The Plane Superfices A B Z E, when it is 
placed perpendicular to the Plane E LZ, is pro- 
jected into the Line EZ; for the Eye placed 
perpendicular to the Plane of the Projection, 
muſt be perpendicular to the Edge of the Plane 
A B Z. E, and therefore no other Part than the 
Line A B can be ſeen by the Eye; Ergo, no 
| Aa 4 other 
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other Part is to be projected, which before wh | 


been proved to be proj jected into E 2. 


Note, IWhat has been here ſaid, may be likewiſe 
underſtood of a Circular Superfices, for it is 
very eaſiy to conceive, that the Circle E u Z. 
Will be projected into the Diameter EZ. 


CORO L. Il. 

By this we ma ay project any Part of a Circle, 
as the Arch En, for if we let fall a Perpendicular, 
from the End of the Arch to rhe Plane E L Z, 
tis plain, from what has been already ſaid, that 


Em will be the Repreſentation of the Arch E 4 
which is the verſed Sine of the ſame Arch. 


„ 


A Circle, parallel to the Plane of the Projection, 
| 15 prdjected into a Circle equal to its ſelf. 


HIS Propoſition will appear evident from 
a due Conſideration of the laſt, and its 
Corollary. 


PROP. 
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P R O P OD. V. 
| A Circle, placed oblique to the Plane of the Prajec- 
tion, is projected into an Ellipfis. 


N. B. In order to the Demonſtration of this, aud 
ſome of the following, I ſhall premiſe theſe few 
following Lemmas, which are Mr. Ward's Pro- 
perties of. the Ellipſis. | 


I F a Cone is cut by a Plane oblique to its Baſes, 
that Section will be a Plane, which is called an 
Ellipſis; in which are two noted Lines, and in 
one of them two noted Points; the Lines are 
called Diameters, Tranſverſe, and Conjugate ; the 
longeſt T S (Fg. 38.) is called Tranſverſe, and 
the ſhorter ꝝ N is called the Conjugate, both be- 
ing drawn through the Middle of the Ellipſis, 
dividing it into two equal Parts, and at right An- 
gles one to another. 

The two Points are called Nodes, Focuss, or 
burning Points, and are equally diſtant from the 
Middle of the Conjugate Diameter both ways, 
and lie in the Tranſverſe Diameter. 

All right Lines drawn within the Ellipſis, and 
parallel to one another, and can be divided into 
two equal Parts by a Diameter, are called Ord:- 
nates, with reſpect to the Diameter that divides 
them, and if they are parallel to the Conjugate, 
they are called Ordinates rightly applied, and thoſe 
two that paſs thro' the Focus's, are called Latus 


Rectum. 


N. B. If 


362 Þ The Elements of 


N. B. If the Tranverſe Diameter of an El- 
lipfis, as T8, be imerſected or divided into 
any two Parts, by an'Ordinate rightly applied, 

as at the Points C and a, then are the Parts 
T C and CS; Ta and a8 called Abſciſſas, 

and by the Rectangle of any two Abſciſſas, is 
meant the Rectangle of any two Parts, that 
being added together, will make the Tranſverſe 
Diameter, as TC CSS TS, and Tat 
aS=ST, &c. 1 | 


LEMM A I. 


As the Rectangle of any two Abſciſſas, 

Is to the Square of half the Ordinate that divides 
ew; | : | | 
So is the Reftangle of any other two Abſciſſas, 

To Square of A the Ordinate that divides them. 
Toat is Ta x Sa: bad: : TCxSC:NC5. 


DEMONSTRATION. 


Let the Ellipſis, be circumſcribed and inſcribed 
with Circles, then from any Point, as B in cir- 
cumſcribed Circles Periphery, draw the right Line 
B 2 parallel to the Semiconjugate NC, then will 
' ba be a Semiordinate rightly applied to the 
Tranſverſe Diameter TS; from the Point b, in 
the Periphery of the Ellipſis, draw d h parallel to 
the Tranſverſe T8, and draw the Radius B C, 
then will 4 BC à be ſimilar to ac fd. 


Per 
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- Per 1B C: BA: C: d C. 18 8. 2. 
But 2 TCS BC, NC = Cf and ba dC 
Therefore 3 TC: Ba :: NC: a2 7, 

Orr Na: pers.2. Fr. 
4 Squared 5 T Ca: N Ca: : B at: h ad 

Per 6 Ta sS8A = Bad. 22 P. 1. S. 2. 
Thamm 7 Tax SA: ban: TCXSC STC, 
| CNC QED. 


And fo for any y other Ableiſias and their Semi- 
ordinates. 


L EMMA II. 


As the Tranverſe Diameter, 
Is to the Conjugate ; 

So is the Conjugate, 
To the Latus Rectum. 


DEMONSTRATION, 


From the laſt Proportions take either of the 


 Antecedents, and its Conſequent, and T S Re 
third 


—— het > — 
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third Term, to find a fourth Proportion, which 
will be LR the Latus Rectum. 


Thus T CSC: NCa:: TS: LR 


11 
But 2 TC S S Cand NCS Cn 
Therefore 3 T CX SC SAT S, 4 
And 4 N Cap A NAM 
134 5 TTS: Na, :: TS: LR 
T7 61FTS1XLR =q3 NMNXTS 
6 * 2 T SdX I. RS NXT S 
8ST IST SX LRS Naa 
into Ana. 9 T S: N:: NA: LR 


Hence it is evident the L R thus found is an 
Ordinate, by which any other Ordinates, whoſe 
Diſtance from F or C are given, are regulated 
and found. | 5 


LE M- 
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L EM M A III. 


From the Suare of + the Tranfoerſs, ſubtraf the 
Square of 2 the Conj jugate, and extratt the 
Square Root of their Difference, and that Root 
is the Diſtance f the Focus, from the common 
Center of the Ellipfis.: 


11 TSxLR=N n, a per Sth of theLaſt 


That is [3|TS:LR::TC+CFx TC— CF: 
(LRA L F4 

TSx3LR9=LRxTOT CR 

TSX3LR= T C1 -CF 

TSXIL RS NN Ca 

NC T C- C Fa 

C Fa = T Ca — N CA 

CF=y/ TCO—NCa AED 


on 
3 QO A N 


LE MM A IV. 


To deſcribe an Ellipfis, having the Tranſverſe and 
9 Diameters given, viz. 12 and 20. 


Having found the Latus Aae, per Lem. II. 
and the Diſtance between the Conjugate and 
Focus, by the third we may then proceed to find 
other Ordinates; firſt the Latus Rectum L R is 
found = 7. A nd CF == 8. 


Then, if it were to find anySemiordinate between 


C and E, tis only aſſigning the Diſtance, and then 
by the firſt Lemma, as T CX CS: N Ct: : io 


IS 


2|T S:LR:: TFxSF: LF, . By Lem.2.. 


3 
| 
| 
| 
| 
| 
| 
[ 
[ 
| 

1 


* 
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is the Diſtance from T to the Part between C 
and FE, multiplied by the remaining Part of the 
Tranſverſe, to the Square of the Semiordinate, at 
that Diviſion of the Tranſverſe. It is evident, 
that if many of theſe Ordinates be found, and the 
Ends of them joined by a Curve, it is from what 
has been ſaid, that that Curve will be an Ellipſis. 
Or, | Ls 2 


CEOMETRICALLY, 


From the End of the Conjugate Diameter N, 
ſet of half the Tranſverſe TC from N to x, 
then take any Point in Cx at Pleaſure; ſup- 
poſe G, ſet the Diſtance C x from G to E, draw 
GE, and prolong it to B, ſo that GB may be equal 
to T C, or EB NC, and where-ever the Point 
G was taken between C and X, the Point B will 
touch (or fall in) the Periphery of the Ellipſis, 


DEMON 
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DEMONSTRATION. 


Draw B A perpendicular to 'T'S, then the 
42 GC E and a BA E are ſimilar. 


Conſequently 
And 
But 


Therefore 
4 in Squares 
„ 


Per 14 Geo. 


1 


N 


3 


CE: AE:: EG: EB per 18 Geo. 

CE+AE: AE:: EG EB: EB 

CE AE CA, and EG+ 
(EB IT C, and EB NC 

CA: A E:: TC: NC 

C Aq: AEàA:: T Ca: N C1 

C A1 x NC at 

OR» OY 

NC1—AB1=AEF1 That is 

ory (E B— A BA = A E4 

«N CT 

— — — R.. 
7 NC A B9 

CAIX NC1=NC%T C1— ABA 

(x'TC1 


| NC, x'TCa—CAaxNC= 


(AB1x TC 
TC: NC1::'T C1—CA9: A Ba 


TCXx Cs: NC:: TCT CAN 
(TC—CA: AB, 


Which is Lem. I. therefore the Point B muſt be 


truly found. 


Fience it follows, that if a convenient Number 
of ſuch Points be found with a Line drawn 
through them by an even Hand, will give the 
Periphery of the Ellipſis required. | 

Theſe Lemmas being premiſed, I ſhall go 
through with the Demonſtration of the Propoſi- 
© tion, viz. that a Circle, oblique to the Plane of 
the Projection, will be projected into an Ellipſis. 


DEMON 


2% 
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[Plate I. Fig. 3. Place the Moving Plane ſo that V and V, R and 
R may come together.] 


DEMONSTRATION. 


If the Diameter of the Circle T RVS, paſs 
through the Diameter of the Circle upon the Plain 
of the Projection, croſs the Diameter T C, at 
right Angles with the Diameters L C and CR, 
draw N R and V perpendicular to the Plain 
T LS (from the Points R and V in the Plain 
T RVS to be projected) which therefore muſt 
7 parallels, becauſe Perpendiculars to the ſame 
Plane. | 

Becauſe NR is perpendicular to the Plane of 
the Projection, the thin Plane NR C will be fo 


to per 18. Euclid XI. and T C is ſuppoſed per- 


pendicular to R C and N C, therefore it is ſo to 


baà and V 2a, becauſe ſuppoſed parallel to N C 
and R C, and becauſe N R and 6 V are perpen- 


dicular to the Plane of the Projection, they are 
Perpendiculars to N C and + a Lines in that Plane, 
and of Conſequence the Angle R NC = V ab= 
a right Angle. Laſtly, ſince Ya and RC are 
parallel, and in the ſame Plane they will have the 
fame Inclination, therefore that .R CN =V ab, 
and of Conſequence theTriangles NR C, and V b 
are ſimilar ; therefore, per 18 Sd. II. Part I. 


' NC:ba::RC: Va, which in Squares, N Ca: 


5 A:: R Cd: Va, and R Ca = T Cx Cs being 


Radius's of the ſame Circle, and Va!= T a X 


S a per 22. Sect. II. Part I. therefore it will be 
N Ca: h ad:: T CCS: TaxSa, which is the 
Property of the Ellipſis (per Lem. 1.) And ſup- 
poſe N C a Diameter to a Circle, and Y 4 another 
Line, which cuts T S at right Angles, then TC 
xCS S NC and Tax SA = aa per 22. Set. II. 
5 Part 
5 


- 
— 
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Part I. which being multiplied together, is T C x 
CSxha=TaxsSa x NC: which being turn- 
ed into an Analogy NC: h a4:;;: TCxSC: Tax 
Sa, which then will be the Property of a Circle; 
ſo that the Periphery being limitted with the Lines 
NC and à b, muſt be either an Ellipſis, or a Cir- 
cle; and if a Circle, then L C=C, which is im- 
poſſible : Or otherwiſe thus, 'The Diameter R C of 
a Circle being placed oblique to the Plain, muſt be 
repreſented by a Line ſhorter than itſelf, per Cor. I. 
Prob. III. therefore the Line N C, its Repreſenta- 
tion, is not the Diameter of a Circle, but of an 
Ellipſis. Ergo, TNS is a Semi- Ellipſis. 


PROP. VI. 


The Length of the Semi-conjugate Diameter from 
the Center of the Plane of the Projection, is equal 
to the Coſine of the Angle of Elevation of the 
given oblique Circle above the Plane of the Pro- 
gettion, ſet off upon that Diameter that is perpen- 
dicular to the Tranſverſe Diameter of the Ellipſis, 
which is always the Diameter of the Primitive. 


N. B. The Primitive is the Circle G RN oy 
the Plane of the Projection. 


DEMONSTRATION 


8 Uppoſing Q A G, the oblique Circle, to be 
17 repreſented, it is evident RA is the Meaſure 
of the Angle RCA, which is the Angle of the 
Elevation of the Circle to be projected, above the 
Plane of the Projection, and A S being parallel 
to Z C, AB=BC; but AS is the Sine of the 

| | | B b Arch 
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Arch R B, AB its Coſine, and SC being 
R B, is the Coſine likewiſe, and the Sine A S be- 
ing perpendicular to the Plain of the Projection, 
and let fall from the Periphery of the oblique 
Circle, limits the Periphery ; therefore the Coline 
of the Elevation, is the true Diſtance from the 
Caneer:. 5 . 
So that we have here an expeditious Way of 
finding the conjugate Diameter of the Ellipſis, it be- 
ing only to croſs tranſverſe Diameter of the Ellipſis, 
at right Angles in the Middle, with a right Line, 
and ſer the Coſine of the given oblique Circle's 
Elevation from C to 8, and it's done; and it is 
very plain, that the Diameter of the Circle will 
be the tranſverſe Diameter of the Ellipſis, becauſe 
it will be the common Section of the two Planes ; 
and having the tranſverſe and conjugate Diame- 
ter, the Ellipſis itſelf will be eaſily deſcribed b 
Lem. IV. and from a due Conſideration of theſe 
Propoſitions, the two following Problems will ap- 
pear to be eaſily deduceable from them. a 


PRO N 1 


o divide the Repreſentation of a given oblique Cir- 
dle into its proper Number of Degrees. 


T7 is evident, by conſulting the Figure to Prop. 
IV. that TN# is the Repreſentation of the 
Semicircle T RVS; therefore N + muſt likewiſe 
be the Repreſentation of the Arch VR ; ſo that 
if we were to lay off the Repreſentation of the 
Arch R V, upon the Ellipſis, it is only 
letting the Perpendicular fall upon the Plane of 
the Repreſentation from the Points R and V; or 
ſuppoſing the Semicircle T RVS, moved upon 
the common Section of the two Planes T 8, till 

—_ | 


0 
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it fall on the Plane of the Projection, and the 
Arch RV fall upon Lec (Eg. 5.) therefore tis 
only making a Circle about the given Repreſenta- 
tion, whoſe Diameter is equal to the tranſverſe 
Diameter of the Ellipſis, and that Circle ſhall be 
equal to the given oblique Circle ; therefore, if I 
would put off the Arches SV and RV, upon the 


C 


L 
TY Ik 
D 


Repreſentation, it is only letting fall Perpediculars 
from the Points R and V, or c and L, to the 
Diameter 8 T, which will cut the Repreſentation 
in N and 6; ſo ſhall Y 8 repreſent SV, and N 
repreſent RV; and ſo of any other Arch or 


Number of Degrees. 


P RO P. I. 


To deſcribe a leſſer oblique Circle, and parallel to a 

great Oblique one; and at any given Diſtance from 

it, as ſuppoſe jo Degrees, from GSQ, Fig. 4. 
ſuppoſe PI the Diameter of ſuch a Circle. 


F* T GA be the great oblique Circle, whoſe 
Elevation is 55?, and Repreſentation GSQ ; 


AP = o, the Diſtance of the leſſer oblique 
Circle from the great one : 'Then draw PI parallel 
to AC, ſo ſhall PI be the Diameter of the leſſer 
oblique Circle; and, becauſe oblique, will be pro- 

Bb 2 jected 


F 
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jected into a Line leſs than itſelf, and will be the 
conjugate Diameter of the Ellipſis. In order to 
project which, AZ = 35?, conſequently Z P = 
50 — 35 = 35; Wherefore the Sine of 35 ſet 
from C, the Center of the Primitive, to L, will 
give the Repreſentation of P, one Limit of the 
conjugate Diameter, and the Repreſentation of I 
may be thus found, AP being = yo?, PI muſt 
be 40; for go — jo = 20, the Diſtance of the 
leſſer oblique Circle from its Pole, which doubled, 
is 40 for its Diameter; wherefore ZP + PI = 
Z 1, that is 35 ＋ 40 = 15, the Sine of which, 
ſet from C to O, gives the other Limit of the con- 
jugate Diameter. And the tranſverſe Diameter 
is equal to the Chord of the Diameter of the leſſer 
Circle, becauſe its real Diameter will be parallel 
to the Plane of the Projection. 


RO | 
By what has been ſaid, it is 1 that the 
Radius of a Circle, parallel to the Primitive, is 


equal to the Coſine of its Diſtance from the Plane 
of the Projection. | 1 


p R O P. III. 


To project the Sphere Ort hographically upon the Plane 
| of any great Circle. 


EFORE the Sphere can be projected, it is 
D neceſſary to underſtand the following Aſtro- 
nomical Definitions. ws 


I. The Axis is an imaginary Line, about which 
the Heavens ſeem to revolve, the Ends of which are 


called Poles; the uppermoſt of which is called the 
. | North 
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North Pole, and the undermoſt is called the South 
Poles: 7 519 2 


II. The Zenith and Nadir, are two Points in 
the Heavens diametrically oppoſite one to the 
other; the Zenith is that Point in the Heavens 
that is directly over our Heads, and the Nadir is 
that Point directly under us, and are both equally 
diſtant from the Horizon, viz. go Degrees. 


HI. The Meridians are great Circles interſect- 
ing one another in the Poles of the World, and 
cut the Equator at right Angles. 


IV. Azimuth, or Vertical Circles, are great 
Circles of the Sphere interſecting one another in 
the Zenith and Nadir, and cut the Horizon at 
right Angles ; and that Azimuth Circle that paſſe 
eth thro' the Eaſt and Weſt Points of the Horizon, 
is called the Prime Vertical. 3 


V. The Horizon is a great Circle that cuts all 
the vertical Circles at right Angles, and divides 
the Sphere into two equal Parts called Hemiſpheres, 
the uppermoſt, or that which comes within the 
Bounds of our Eye, is called the Northern Hemi- 
ſphere, and the lowermoſt, or that which is hid 
from us, is called the Southern Hemiſphere, 


VI. The Equator is a great Circle of the Sphere, 
whoſe Plane is perpendicular to the Axis of the 
World, and its Periphery is every where equally 
diſtant from the Poles of the World, viz. 90 
Degrees ; and upon this Circle Time is meaſured, 
and every 15 Degrees of it make an Hour. 


VI. The Ecliptick is a great Circle cutting the 
Equator into two equal Parts, at two oppoſite 
| "BD 3 Points, 
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Points, which are called the Points of Aries and 
Libra; and the Angle at the Interſection of theſe 
two Circles, is 23 29': According to the Obſerva- 
tions of the late Reverend Mr. FJamftead,. the 
Ectiptick is divided into 12 equal Parts called 
Sines, each of which contains 30 Degrees, and to 
diſtinguiſh them one from another, it has been 
thought neceſſary to diſtinguiſh them by the 
Marks and Names, vi. | 


n * 
Taurus Scorpio m 
Gemini I || Sagittary £ 
Cancer Capricorn W 
ä Aquarius = 
Virgo m Piſces * 


The ſix laſt of which, are called Northern, and 
the ſix laſt Southern, Signs; and where Aries and 
Libra are placed, the Equinoctial and Ecliptick 
cut each other. x. 


VIII. The Cares are two Meridians, dividing 

the Equinoctial into four equal Parts, one of 
which Meridians paſſing thro' the Points of \ 
and =, is called the Equinoctial Colure, the other 
paſſeth by S and , and is called the S$9/titial 
—Aĩ ß e 


IX. The Tropicks are two ſmall Circles, parallel 
to the Equinoctial, and diſtant from it 230 29“, 
lIimitting the Sun's greateſt Declination ; and that 
which is on the North Side of the Equator is called 
the Tropick of Cancer, and that on the South Side 
is called the Tropick of Capricorn. | ITE 


X. Pa- 
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2 Almicanthers, or Parallels of Altitude, are 
ſmall Circles parallel! to the Horizon, growing 
leſs and leſs, till they terminate in the Zenith. 


XI. Parallels of Latitude, are Circles that are 
arallel to the Equator, and grow leſs and leſs, 
till they terminate in the Poles. | 


I 


XII. Latitude of a Place, is the Elevation of 
the Pole above the Horizon of the Place; or it is 
the Diſtance of the Zenith from the Equator. 


Theſe Definitions being known, it will be eaſy 
to project any (or all) of theſe Circles, upon the 
Plane of any one of them, as will appear from the 
following Examples. | EN. 


EXAMPLE I. 


To project the Sphere upon the Plane of the ſolſtitial 
Colure, for the Latitude of 50˙ 54“. 


It is apparent, that in this Projection there are 
none of the great Circles of the Sphere, that are 
oblique to the Plane of the Projection, except the 
Meridians, which will be Ellipſis, and the other 
Circles, right Lines, by Cor. II. Prop. III. 

Suppoſe A BCD to repreſent the ſolſti- 
tial Colure, and to be the Plane of the Pro- 
jection, then any Diameter, as A C, may repre- 
ſent the Horizon; 50 48“ ſet from C to P, gives 
the North Pole of the World, and from A to 8, 
gives the South; and go? ſet from P to E and 
c, which limits the Equinoctial, by Def. VI. of 
this Prob. ſo that Z æ, will be the Repreſenta- 
tion of the Equinoctial, by Def. V. Then 23* 29/ 
{et each Way from Z and æ, to GE and IH, 

Bb 4 Will 
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will be the Limits of the two 'Tropicks, and the 
right Lines GI and EH, will be the Repreſen- 
tation of them, and the Line G H, the Repre- 
ſentation of the Ecliptick, by Def. VII. and EF 
may repreſent any Almicanther or Parallel of 
Altitude; ſo that now we have finiſned the Pro- 
jection, unleſs it be putting in the Repreſenta- 
tion of a Meridian, at any given Elevation, abave 
the Plane of the Projection, which may be thus 
done, 135 1 


Suppoſe the Elevation of the given oblique 
Circle to be 60. | ; He 

By Def. III. of this Prob. every Meridian paſſeth 
thro the Poles, therefore the Axis 8 P muſt be 
the Diameter of every Meridian, and, of conſe- 
quence, one Diameter to the Ellipſis, which being 
croſſed at right Angles, by the Equinoctial, the 
conjugate Diameter muſt lie ſome-where in it, 


the Limits of which is the Coſine of the Comple- 
5 | ment 
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ment of Elevation, viz. the Coſine of 30, ſet off 
each Way from the Center of the Primitive, to R 
and L, 10 that now we have the tranſverſe and 
conjugate Diameter of an Ellipſis given, to draw 
the * itſelf, which may be done by Lem. IV. 


Prop. V. 
EXAMPLE II. 
85 projet upon the Plane of the Eyninoctial for rhe 


ſame Latitude as before. 


P ON a due Confideration of the Circles of 
the Sphere, and the Poſition of the Plane 
of che e to them, we ſhall find all the 


Meridians to be right L.ines, bean they muſt 
paſs thro the Poles, which, in this Caſe, will be 
ane into the Center of the Primitive. 


By 
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Buy Prop. IV. of this Section, all Parallels of 
Latitude are projected into Circles; and by 
Prop. V. all Circles not perpendicular, nor parallel 
to the Plane of the Projection, that is, to the 
Equinoctial, are projected into Ellipfis's, ſuch as 
the Horizon, Ecliptick, and Parallels of Altitude 
and Azimuths. | 

Let AEQVIN be the Equinoctial upon 

whoſe Plane the Projection is made, draw an 
two Diameters at right Angles, on to the other, 
which vill be the Repreſentation of the two Co- 
lures, NPQ is the ſolſtitial Colure, and A PV 
the equinoctial Colure. Then, by the Corol. to 
Prob. II. of this Section, draw ar Ip, and diſtant 
from the Primitive 239 297, and that Circle will 
repreſent the Tropick of Cancer, and of Capricorn 
alſo. It is evident, that the Latitude of the 
Place ſubtracted from go“, lęaves 399 12, which 
is the Diſtance between the Horizon and Equi- 
noctial; that is, the Angle of Elevation of the 
Horizon, is 399 12“; therefore the Coſine of 
390 12“ ſet from P to H, gives one Limit of the 
conjugate Diameter (by Prop. VI. of this Section) 
and the Diameter of the equinoctial Colure muſt 
be the other, by which AH may be drawn, 
which will repreſent a Semi- horizon. In like man- 
ner the Semi- ecliptick may be drawn, big. the 
Semi- ellipſis ALV, and the prime Vertical AZ. V, 
the Zenith E being diſtant from P, the Pole, 
39 12“; and ſuppoſe we were (to complete the 
Projection) to draw a Parallel of Altitude 70 
from the Horizon, that is 20 from z, the Zenith, 
we may, by Prob. II. of this Section, find the 
Points n and c, each 20 from the Zenith; and 
by Prob. I. we may meafure 20 each Way from 
E, upon the prime Vertical from & to d, which 
will give two Diameters to an Ellipſis, which being 
N N | finiſhed, 
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finiſhed, will be the Parallel required, and 9) 
Diſtance from the Horizon. 


N. B. I have 5 drawn only the Semi prime Ver- 
tical, Semi- horizon, and Semi-ecliptick, be- 
cauſe the Scheme ſhould not be too much con- 
fus'd with Lines; it being my Deſign only to 
Her how any Circle may be projected, rather 
than to project all the Circles in the Sphere ; 
which, had it been done, the Scheme would 
have been ſo perplex'd, that it would have 
been very difficult to diſtinguiſh one Line from 
another, and ſo of 8 it would have 

been uſeleſs. 


If we project upon the Plane of the Horizon, 
then the Vertical, or Azimuth Circles, will be 
right Lines, and che Parallels of Altitude; the 
Equator, Ecliptick, Meridians, T ropicks, and 
Parallels of Latitude, will be all Ellipſis's. | 

And if we project upon the Ecliptick, then 
every Circle of the Sphere will be Ellipſis's (ex- 
cept the Parallels of Latitude of the Stars) whoſe 
Elevation may be found as before, and of Conſe- 
qu ence their Diameters known ; but if we project 

e. terreſtial Sphere, then all the Circles are 
PM: 8. | 
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SECT. IL 
o the Sterographical projection of the 
SP — 27 2:27 


LEN the Sterographical Projection of t the 
cSHbere, the Eye is ſuppoſed to be 
upon the Surface of the Sphere, and 
8 to ſee the Sphere, with all the Cir- 
cles thereon, by a Cone of Rays 
paſk ing dreetiy from the E Eye, to the Periphery 
of each particular Circle; that is the Eye, is the 
Vertex of the Cone of Rays, and the Circle ſeen, is 
the Baſe, from whence will be eaſy to conceive, that 
there will be two Sorts of Cones (viz. Right 
and Oblique) to be conſidered, and are ſo made 
by the Poſition of the Circles, which is the Cone's 


Baſe. 


DEFL 
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DEFINITIONS 


I. The Pole of any great Circle, is a Point up- 
on the Surface of the Sphere, from whence all 
right Lines drawn to the Periphery of that Circle, 
are equal : Or the Pole of a Circle. is a Point that 
is every-where 90“ diſtant from it. 


IT. The Plane of the Projection, is the Plane 
of a great Circle infinitely produced every Way, 
and perpendicularly oppoſed to the Eye placed 
on the Surface of the Sphere. | 


[Fig. | 5. Place the two moving Planes ſo that A and A may be- 
come one Point. | | | 


III. That great Circle whoſe Plane is extended 
every Way, and in which the Projection is made, 
is called the Primitive Circle. Let the Eye be 
placed at A on the Surface of the Sphere, from 
which, thro' B, the Center of the Sphere, draw 
the Radius AB, to which ſuppoſe a Plane to 
be infinitely extended ; and at right Angles to it, 
cutting the Sphere in the Circle OESC, an infi- 
nite Plane ſo drawn, is the Plane of the Proje- 
Ction, and the Circle OESC is called the primi- 
tive Circle. | 1 

Hence it is evident, that A is the Pole of the 
primitive Circle, it being equally diſtant from it 
every Way : And the Arches AS, AE, AO, 
AC, are all Quadrants, and AB the Radius to 
them : And, ſecondly, that all the great Circles 
which paſs thro' the Eye at A, as EAC, and 
OAS, are at right Angles to the Primitive ; for 
all of them paſs thro' the Radius AB, which is 
ſuppoſed at right Angles to it, and conſequently, 
per 18. Eucl. 11. they will be ſo to. 


IV. A 
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IV. A Point is there projected into a Point in 
the Plane of the Projection, where a Ray paſſing 
from the Eye thro? that Point, meets the Plane of 

the Projection. > . 


V. A Line, whether ſtrait or crooked, is there 
repreſented in the Plane of the Projection, where 
Rays paſſing from the Eye thro' all the Points of 
that Line to be projected, meet the Plane of the 
Projection. | Ty 8 8 
From hence it is evident, firſt, That if a ſtrait 
Line paſſeth thro' the Eye, its Repreſentation 
will be a Point in the Plane. of the Projection ; for 
one and the ſame Ray, will paſs thro* all the 
Points of the ſame Lines, CSEO (Hg. 5.) being 
the primitive Circle, and the Eye at A, the Re- 
preſentation of the Line AB, paſſing thro it, will 
be the Point B, viz. that Point where it cuts the 
Primitive, or in caſe it falls without the Primitive, 
where it cuts the Plane of the Projection. © 

And, ſecondly, That the Projection of a Cir- 
cle paſſing thro' the Eye, will be an infinite right 
Line ; for in the Projection of the Semicircle, that 
is oppoſed to the Eve, and is the other Half of 
E AC, will be projected into E C, and the Proje- 
ction of the Semi-circle EAC, in which the Eye 
is placed, will fall in the Line EC, produced infi- 
nitely both Ways from E and C. 


'VL A Cirde paſſing thro' the Eye, is called a 
Tight Circle. 
VII. A Circle not right to the Eye, but per- 


pendicular to the Eye, or parallel to the Plane, of 
the Projection, is called a direct Circle. 


VIII. A 
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VIII. A Circle neither, at right Angles, nor pa- 
ralle] to the Plane of the Projection, but inclined 
to it, is called an oblique Circle. | 


In order that the following Propoſitions may be 
rendered plain and eaſy, I ſhall premiſe the four 
following Lemmas, concerning the Sphere and 
Cone. | | 


LEMMA I. 


Let ABCDL repreſent a Sphere; let ABCD be 
4 Circle in that Sphere: If a Line be drawn from 
zr, the Center of that Sphere, perpendicular to 
the Plane of the Circle, that Perpendicular will, 
i produced, fall on the Poles of that Circle. 
[Fig. 7. Place the great moving Planes ſo that L and L may 


come together.] 
DEMONSTRATION. 


Draw the Diameters BD and AC, and then 
draw the Lines LA, LB, LC, and LD, the 
Triangles DLR, CLR, ARL, and BRL, 
have the Sides AR, BR, RC, and DR, equal, 
being the Radius's of the ſame Circle ; and the 
Side LR is common to all the Triangles ; and 
LR being ſuppoſed perpendicular to the Plane, 
the Angles LR A and LRB, Sc. muſt be right 
Angles ; therefore the four 'Triangles are equal in 
all Reſpects, and the Lines AL, BL, CL, Ec. 
muſt be equal; then the Pole A, where they 
meet, muſt be the Pole of the Circle (per Def. I.) 
and the Line LR. paſſing thro' that Point, muſt 
needs paſs thro the Pole. The like may be done 
for the under Pole. EY 


LEMMA 
I 
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LEMMA I. 


If DL B, 2 great Circle of the Sphere, cut any 
other Circle at right Angles, it biſects that 
_ Circle, and paſſeth thro its Poles. | _ 


\ (Fig. 7. Place the Planes as before.] 
DEMONSTRATION. 


From the Center r, of the great Circle DL B 
which is likewiſe the Center of the Sphere, let fall 
a Perpendicular to the Circle ABCD, and that 
Perpendicular, which is part of the Diameter of 
the great Circle DLB, muſt needs paſs thro' the 
Center r, of the Circle; for ſuppoſing the Cir- 
cle placed perpendicular any where elſe, ſuppoſing 
on mu, then the Circle D L B will be out of the 
Sphere, and therefore cannot be ſaid to be perpen- 
dicular to any Part of it, becauſe it does not touch 
it all, therefore no other Line, but the Diameter 
of the Circle LR D, can be the common Section 
of the two Planes, which divides it in the Middle. 
And by Lemma I. the Line L R being ſuppoſed 
perpendicular to ABCD, muſt needs pals thro' 
the Poles of it. | 5 


LEMMA 


SpaenIcal Tac TBT. 385 


L E M M A Il. 


If a right Cone be cut parallet to its Baſe by a 
Plane, that Section will be a Circle. 


N. B. A right Cone is when all the Rays from the 
Periphery of its Baſe, to the Vertex, are equal. 


[Fig. 7. Place the great moving Plane 6 that L and L may be- 
come one Point, and the ſmall moving Plane be placed parallel 


to AB CD. | 
DEMONSTRATION. 


| Suppoſe the Cone LABCD to be cut down 
its Axis LR, that Section will be the Triangle 
ALC, whoſe Baſe AC is the Diameter of the 
Circle, that is the Cone's Baſe. Again, ſuppoſe 
the Cone to be cut by a Plane, as 4 h cd, parallel 
to its Baſe: I ſay, that the Figure a bed is a 
Circle; for, take any Triangles, as ALR, the 
Line ar will be parallel to A B, becauſe it is in a 
Plane which is ſuppoſed parallel to the Plane 
ABCD, and of conſequence, to any Line in that 
Plane, and the Axis LR is perpendicular to that 
Plane; therefore L r, apart of that Line, is per- 
pendicular to a hd, and of conſequence, the An- 
gles LRA and Lr a, are right Angles, and the 
Angle RL A is common to both, therefore they 
are ſimilar: And, per 18. Sect. II. Part I. as 
LR: RA :: Ly: 7a, in like Manner we 
may prove, that LR: RB :: Lr: rb; and 
as LR: RA :: Lr: ra, Se. and the Sides 
RA, RB, RC, RD, being equal, therefore 
each, or any of them, may be made the ſecond 
Term to all, or any of the foregoing Proportions, 
and, of conſequence, the Lines ra, rb, rc, r d, 


Ce are · 


Mt / 
(. x! 
X /, | 
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are all equal, becauſe they may be made the fourth 
Term, to one and the ſame ſecond Term, and 
theſe Lines being equal, muſt be the Radii of one 
and the ſame Figure, which can be no other but 
a Circle, 


” LEMMA I. 


The Section of a ſcalenous Cone cut ſub-contrary to 
its Baſe, will be a Circle. | 


N. B. A ſcalenous Cone hath a Circle for its Baſe, 
but the Rays or Lines from its Vertex, to the Pe- 
ripbery of its Baſe, are unequal. 


Tig. 6. Place the triangular Plane perpendicular to the Circle, 
and the other two Planes perpendicular to the Triangular. 


Let G RF be the Baſe of a Cone, and A its 
Vertex, and GA, and AF, Lines drawn from 
the Vertex to the Periphery of its Baſe; and if 
that Cone be cut thro its Axis, the Section is the 
Triangle AGF, in which draw IH, in ſuch a 
manner, that the Angle 'ATH may be equal to 
the Angle AFG; then will the Triangles A IH, 
and A FG, be ſimilar, and are ſaid to be ſubcon- 
trarily poſited. Imagine a Plane to cut the Cone 
thro' the Line IH that is perpendicular to the 

Plane of the Triangle AGF: I ſay, that the 
Section I BH will be a Circle. | 


DEMONSTRATION. 


Take any Point, as P, any where in the Plane 
IBH, and draw PB perpendicular to I H, then 
thro P draw DK parallel to the Diameter G FE, 
and imagine a Plane to cut the Cone thro' DP K, 

perpendicular to A G E, and parallel to G Z EB. 
; | c 
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that Section DBK will be a Circle, and DK its 
Diameter, Lem. III. the Plane DB K being per- 

endicular to the Triangle AGF, as well as the 

lane IB H, and one Plane cutting the other in 
the Point P, PB is the common Section of the 
two Planes, and perpendicular to both the Lines 
DK and IH. And DP x PK = BP per 22. of 
SefF. II. Part I. and the Triangles IB D and 
K PH, are ſimilar (for the IPD=Z KPH, 
per 2. Seck. II. and the LAIH= LAKD = 
AFG, by the ſub-contrary Poſition of the Line 
TH, conſequently their Complements DIP and 
PKH, are equal) therefore DP: PI :: PH: PK, 
per 18. Sect. II. Ergo DP x PK = PI x PH = 
PB; therefore the Point P muſt be in the Peri- 
phery of a Circle, whoſe Diameter is IH, becauſe 
the Parts of the Diameter IH multiply'd together, 
is = PB, which is the Property of a Circle, con- 
ſequently L BH is a Circle. | 


P R O P. J. 


ä A right Circle is projected upon the Plane of the 
Projection, into a Line of + Tangents. 


DEMONSTRATION 


T is evident that the Semi- circle paſſing thro 

the Eye, will be projected into the Diameter 
AC (per. Def. V.) which is the Diameter of the 
given Circle, and of the Primitive alſo, which 
croſs with another Diameter; and at right Angles 
to it, as BD, draw BS any where to the Peri- 
phery of the given right Circle: I ſay, that E 
is the Semi-tangent of the Arch DS, being its 
Repreſentation ; for E is the Tangent of the 
Arch Ea, and the Radius B E is equal to the 


Radius ES, end the Angle DES is double the 
Ce 2 Angle 


de Ezanitiirs: of; 
Angle DBS, per 15. Sect. II. Part I. Therefore, 
if En is the Tangent of the Arch E a, it is of 
conſequence the Semi-tangent of DS, the Dou- 
ble of that Arch. In like manner it may be 
proved the Em is the Semi-tangent of D x, 
and ſo of any other Part of the right Circle 
ABCD. | + 


PRG N. 
A Circle direct to the Eye, is projected | upon the 
Plane of the Projection into a Circle. 


DEMONSTRATION. 


ET the Circle abcd (Hg. J.) be the Plane 

of the Projection, and AB CD perpendicu- 
larly oppoſed to the Eye at L, be the Circle to 
be projected, the Plane a bed is perpendicular to 
the Eye, by Def. II. and the Circle ABCD is 
ſuppoſed to be perpendicular, therefore they are 
parallel, per 6. of Euclid XI. and the Eye fees 
the Circle ABCD, by the Cone of Rays L A, 
LB, LC, LD. it is evident that theſe Rays cut 
the Plane of the Projection in Points ab cd, which 
is, by Lem. III. proved to be in the Periphery of 
a Circle; Ergo, a bed is a Circle. | 


PR OP. 
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PROP. III. 


The Repreſentation of a Circle of the Sphere placed 
oblique to the Eye, will be a Circle in the Plane 
of the Projection. =} | 


[Fig. 6. Place the Plane AGF perpendicular to F GZ and 
IBH at right Angles to AGF, then will IB H be the Plane 
of the Projection. 


DEMONSTRATION 


7 | AK E any Circle inclined to the Plane of the 
1 Projection, whether it be a greater or a 
leſſer, for the ſame Demonſtration will ſerve for 
all: Let the Cone of Rays, under which the Eye 
ſees the Circle GZ. F cutting the Plane of the 
Projection in IB H, which will be the Repre- 
ſentation of the given oblique Circle. It is evi- 
dent, that if AGZ FA be the Cone of Rays 
by which the Eye ſees the Circle FZ G, and 
that the Plane IB H be parallel to the given 
Circle FZ. G, the Baſe of the Cone of theſe Rays, 
then IB H, its Repreſentation, is a Circle, per 
Lem. III. but if the Plane of the Projection be 
direct to the Eye, as it always is, and of conſe- 
quence, oblique to the Baſe, then that Plane cuts 
the Cone of Rays, ſubcontrary to its Baſe, and the 
Section IBH, the Repreſentation of the given 
oblique Circle, is a Circle, per Lem. IV. O; E. D. 


Before I proceed any farther, it will be neceſ- 
ſary to lay down another Definition, which it was 
not proper to do before. 


Cc 3 Def. 
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Def. IX. The Line IH prolong'd which is 
the common Section of the Plane of a great Circle 
paſſing thro' the Eye at A, and of the Plane of 
the Projection, is called the Line of Meaſures ; if 

that Plane which paſſeth thro' the Eye at A, is 
perpendicular to the given oblique Circle. Or 
(Fg. 11.) the Line of Meaſures is that infinite 
right Line Bf, which is perpendicular to the com- 
mon Sectio of the Plane of the Projection, and 
Plane of the Circle to be projected. 


From hence it is evident, that one Line of 
Meaſures will not ſerve all Circles, but only ſuch 
as are perpendicular to it; that is, the Line of 
Meaſures is that right Line which paſſeth thro' the 
Center of the Repreſentation of an oblique Circle, 
and is perpendicular to one Diameter of it ; ſo 
that it is plain there may be many Lines of Mea: 
ſures in one and the ſame Projection, where many 
Circles are concerned, as will plainly appear in 

the following Propoſitions. | 


N. B. The Eye is always ſuppoſed to be in one 
of the Poles of the primitive Circle. 


PROP, 
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PROP. IV. 


Fa great Circle is to be projected upon the Plane of 
another great Circle, its Center ſhall be in the 
Line of Meaſures, and diſtant from the Center of 
the Primitive, the Tangent of the Elevation of 

| - given Circle, above the Plane of the Proje- 

ion. 


[Fig. 11. Place the moving Planes ſo that E on one, may coincide 
3 with E on the other.] 


ET the given Circle to be projected be 

AEC F, oblique to ABCD, the Plane of 
the Projection, then is AC the common Section 
of the two Planes, and Bf the Line of Meaſures, 
per laſt Definition: And it is likewiſe plain, that 
the Eye at P, the under Pole of the Primitive, 
projects the Point E, one End of the Diameter of 
the oblique Circle to be projected in e, and it 
projects the other Point F of the Diameter of the 
oblique Circle into f, both in the Line of Meaſures, 
which being biſected in N, gives the Center of 
the Circle Cf A, the Repreſentation of the Cir- 
cle AE CF; and, therefore, what is to be prov'd 
is, that ON is the Tangent of the Arch BE, the 
Elevation of the oblique Circle AE CF above the 
Plane of the Projection. Make the Arch Be 
BE, draw eO, eC, em, Cf, CN, and the 
Arch O m. 


DEMONSTRATION. 


The Angle eCA = eOA, per 15. Set. II. 
and Angle eCA = CFO, per 20. Sd. II. tha 
Angle ONC = NfC + NC, per 4. Se. II. 
= eOA, conſequently 5 Angle OCE, * 

4 $ 
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is the Complement of the Angle ONH, is equal 
to the Angle OB, which is the Complement of 
eOA, which is the Elevation of the given oblique 
Circle above the Plane of the Projection; but 
ON is the Tangent of the Angle OCN, Ergo 
ON is the Tangent of the Elevation, Q; E. D. 


PROP. V. 


Fa leſſer Circle, whoſe Poles lie in the Plane of the 
Projection, was to be projected, the Center of its 
Repreſentation ſhall be in the Line of Meaſures, 
diſtant from the Center of the Primitive, by the 
Secant of that leſſer Gircle's Diſtance from its 
Pole, and its Radius ſhall be equal to the Tan- 
gent of that Diſtance. 


DEMONSTRATION. 


n the Line of Meaſures, and 
EF the Diameter of the leſſer Circle (Ee F 
to be projected) and common Section of the two 
Planes; the Poles of the leſſer Circle Ee P, will 
be B and D, by Lem. II. the Circle AB CD cut᷑- 
ting it at right Angles. Draw Ae E and A F, 
the Diameter, E F will be projected into e 5, ſup- 
poſing the Eye at A, which being biſected, will 
give O the Center of the Repreſentation of the 
given lefler Circle; and P being the Pole of the 
leſſer Circle, the Arch ED is the Diſtance of the 
leſſer Circle from its Pole. Draw the Lines QE, 
EO, Ef. The Triangle EF e is right-angled 
at E, being in a Semi- circle, and is divided into 
two ſimilar ones, per 19. Sect. II. therefore Ce EN 
AEN, which is equal to LF E O, per 4. 
$207. II. becauſe EO = Of: But the £ eEN 
is equal to LEAQ = LEA, n 
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ſtand upon equal Arches, CE being equal to AF + 
(becauſe CA and EF are ſuppoſed parallel) 
therefore the Angle QEA = £LfEO. If from 
the Ce Ef be taken the OE, and to the 
Remains be added QE A, the Angle QE O will 
be a right Angle, and conſequently Q E being 
Radius, E O will touch the Circle at the Point 
E, and the ſame Line EO will be the Tangent 
of the Arch ED and QO, is the Secant of that 
Arch. 2. E. D. . 


N. B. We may imagine another Plane to be erected 
perpendicular to BD, ſo that the common Se- 
ction of that Plane, and the Primitive, may 
be DB, and then the Point A ſhould be over 
Q, and the Eye ſuppoſed at A, and by the 
Motion of that Plane upon that common Section, 
that Point will fall upon A in the Primitive, 
otherwiſe the Circle ABCD could not be the 

Plane of the Projection; for the Eye cannot be 
ſuppoſed in the Plane of the Projection, but to 
be perpendicular to it. | 


PROP. 
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PROP. VI. 


All leſſer Circles, whoſe Poles lie not in the Plane 
of the Projection, are projected by laying off from 
tbe Center of the Primitive, both Ways, upon the 
Line of Meaſures, the Tangent of half the Diſtance 
of each Extremity of the Diameter of the given 
leſſer Circle, from that Pole of" the Primitive 
which is oppoſite to the Eye, and the Middle of 
theſe two projected Extremities, will be the 
Center of the Repreſentation f the given leſſer 
Circle. | * 


N order to the right underſtanding that Pro- 

poſition, let us imagine a Plane erected per- 
pendicular to ABCD, which will pong the 
Eye at B) be the Plane of the Projection, and 
the Line sx, the Diameter of the leſſer Circle, to 
be projected, it is evident, that the Pole of this 
Circle cannot lie' in the Plane of the Projection, 
and that D is the oppoſite Pole of the Primi- 
tive. | 
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DEMONSTRATION 


It is evident, that X'S is the Repreſentation 
xs, and dSof Ds, and d X of xD; but X dis 
the half Tangent of „ D, and 4s the half Tan- 

gent of D 5s, per Prop. I. of this Self. Q, E. D. 


. 

If a leſſer Circle to be projected, fall intirely on ons 
Side of the oppoſite Pole of the Primitive, and do 
not encompaſs it as in the Jaſt Propoſition, then 
Will its Diameter be equal to the Difference of the 
half Tangent of its greateſ# and neareſt Diſtance 
from the Pole of the Primitive, ſet off from the 
Center of the Primitive, one and the ſame May, 
in the Line of Meaſures. 


DEMONSTRATION. 


E T us ſuppoſe the Plane of the Projection and 
Primitive to be a Circle perpendicular ro the 
Plane of the Circle ABCD, and on the Diameter 
ALC, then is B the Plane paſſing thro* the Eye, 


S D 


and D the oppoſite Pole. Let ES be the Diameter 
of a leſſer oblique Circle. It is evident, that the 

Eye at B ſees the Point 8 by the Ray BS, and 
Colle | 
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conſequently s is the Projection of S into the Line 
of Meaſures ; and in like manner, e is the Repre- 
ſentation of E, into the ſame Line of Meaſures : 
But Ls is the half Tangent DS, the neareſt Di- 
ſtance of the leſſer oblique Circle from the re- 
moteſt Pole of the Primitive (per Prop. I. of this 
Sect. ) and Le is the half Tangent of DE, the 
greateſt Diſtance of the leſſer oblique Circle, from 
the Pole of the Primitive, by the fame ; and it is 
likewiſe evident, that E S is the Difference of the 
leſſer Circle's greateſt and neareſt Diſtance from 
D, Ergo, es, tht Difference of the half Tangents 
of the leſſer Circle's greateſt and leaſt Diſtance 
from its remoteſt Pole. ©. E. D. | 


PROP. VII. 


In the Sterographick Projection, the Angles made 
by any Circles on the Surface of the Sphere, are 

| equal to the Angles made by their Repreſentation 
on the Plane of the Projection. ＋ 


N order to demonſtrate this Propoſition, I pre- 
L miſe the following Lemma, viz. 


That any two Circles cutting each other, do form 
an Angle at the Point of Contact, equal to the Angle 
formed by the Tangents to theſe Circles, meeting in 
the ſame Point. = 


And this is ſo plain, that it needs little Demon- 
{ration ; for the Circles ALE and ADE, meet- 
ing at the Point A by Inſpection, forms the ſame 
Angle with the 'Tangents CA and BA, becauſe 
the infinitely ſmall Portions of the Circles ALE, 
ADE, do coincide with the 'Tangents CA and 
BA, conſequently have the ſame ay "= 

1 | there- 
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therefore the curvelineal Angle DAE = to the 
right-lined Angle CAB formed by the Tangents; 
and that the Propoſition is true, I thus demon- 
ſtrate. 


DEMONSTRATION 


(Fig. 19. Place the two triangular Planes perpendicular to the 
Plane AE BS, and the circular Plane to lay on the Edge of 
them.] * f G 


Suppoſe the Eye at A, projecting the Angle 
RBS upon the Plane EFSDC, draw BD a Tan- 
gent to the Circle BS, and BC a 'Tangent to the 
Circle RS, to the common Point B; then is the 
Angle CBD = L RBS, per Lemma to this Prop. 
'The Plane EFSDC being the Plane of the Pro- 
jection, is perpendicular to the Circle BS, paſſing 
thro the Eye, as is likewiſe the Plane BCD made 
by Suppoſition, and the common Section of the 
Planes FESDC, BCD, will be likewiſe perpen- 
dicular to the Plane of the Circle BS, per 19. 
Euc. 11. and the Eye at A projects the Tan- 
gent BD into ED, and the 'Tangent BC into 
FC; and therefore what is to be proved is, that 
4. CBD made by the Tangents, is = 4 CFD, 
made by the projected 'Tangents, 


4 
*. 


Draw 
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Draw BY parallel to ES, and join AQ; then 

the * Be" per laſt of SefF. II. = 
£4 ABQ, fer 4. Sf. Il. = £ BED, per 6. 
Sect. II. = wy DBF, per 4. Seck. II. therefore 
BD = DF, per ſame. 

Then, in the Triangles CFD, and CBD, 
there is the Side BD = D F, and CD is common 
to both Triangles, and the L FDC = BDC = 
90? therefore the 'Triangles are ſimilar and 


equal, per 3. Sect. II. Ergo, CFD = £4 CBD. 


” - 0 
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SECT. Mt 
Of STEROGRAPHIC PROBLEMS. 


n E Degrees of any oblique Circle up- 
eon the Sphere, are equal to one ano- 
* N ther; but the Repreſentation of theſe 


8 Degrees upon the Plane of the Proje- 
Ction, are very unequal, as is evident 
from g. 11. where Ae C is the Repreſentation 
of an oblique Circle upon the Sphere, one Half of 

which is projected into Ae C, and the other into 
CFA; but theſe two are very unequal to one 
another, nor are the Degrees in each of theſe 
equal among themſelves; ſo that, in the firſt 
Place, I ſhall ſhew how to divide the Repreſenta- 
tion of any oblique Circle, into its proper Number 
of Degrees. In order to do which, I premiſe the 
following Lemma. ; 


„ 


LEMMA 
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LEMMA. 
' If thro' the remoteſt Poles of two equal Circles of the 
Sßpbere, any other Circle be drawn, it will cut off 


equal Portious from the Periphery of the two 
equal Circles. 


N. B. Theſe Circles on the Sphere that are equal, | 
are either great Circles (which are all equal) 
or leſſer ones, and the ſame Demonſtration will 


ſerve for both. 


[Fig. 14. Place the moving Planes ſo that they may all be per- 
pendicular to the Plane ACOL, and put ho oo thin Pieres 


through the Slits at N and B.] 


Let L be the upper Pole of the great Circle 
CES, and A the lower Pole of the Circle OHS, 
and thro' theſe two remoteſt Poles of the two 

eat Circles, let any other Circle be drawn, as 
AEH L: I ſay, it will cut off equal Portions of 
the Circles CES and OH S; that is, CE = OH. 
Draw the Lines AL, LC, OA, CA, OL, and 
where the Circle AEHL cuts the two Circles in 
E and H, let fall Perpendiculars to LA, and then 
Join the Lines CB, CH, ON, HO. 


DEMONSTRATION. 


1/. The Arch LOC = ACO = go?, per 
Definition of a Pole, and their Chords LC, and 
AO, are equal, per 21. Sect. II. Then the Arch 
CO is common to both the Arches LOC, ACO, 
Ergo, the Arch CA = Arch OL, and of conſe- 
quence, CA and OL, their Chords, are equal. 


2dly. In the Triangles LCA, AOL, the Side 
OL = CA, and OA = CL, and the Side AL 
Wnt 5; is 


1 


* 
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is common to both Triangles, Ergo, they are equal . 
in all reſpects, Ergo, CLA LOLA. 


3aly. The Arch HEA = EHL = go, being 
the Diſtance of each Circle from its Pole, and the 
Arch HE common to both, therefore A E and 
HL are equal; and EB and NH being the Sines 
of theſe Arches, are therefore equal. Now in the 
Triangle AB E, LN H, there is proved two Sides 
in one, equal to two Sides in the other, and the 
s, B, and N, are right Angles by Suppoſition; 
therefore the Triangles are equal in all reſpects, 
Ergo, AB = NL. b a 


4thly.” In the Triangle CAB and OLN, it has 
been proved, that CA = OL, and NL = AB, 
and the £ A = LL, therefore the two Triangles 
are ſimilar and equal, Ergo, CB = ON. 


Laftly, In the Triangles CBE and ON, it 
has been proved, that CB = ON, and EB = 
HN, and the Angles B and N are right Angles, 
therefore the two Triangles are equal in all re- 
ſpe&ts: Ergo, the Chords CE and OH, are equal, 
and of conſequence, the Arches that belong to 
them are equal. Q, E. D. Th 


Or this Lemma may be demonſtrated after à 
much ſhorter Manner, by the following Method. 


It was proved by the preceding Demonſtration, 
Art. 3. that EB and H N are equal, and, per 20. 
Sect. II. Part I. equal Chords, and, of conſe- 
quence, equal Sines, ſubtend equal Arches in 
equal Circles; but the Lines EB and HN, are 
Sines to the Arches CE and HO: Ergo, the Arch 
CE = Arch HO, Q. E. D. 5 9067 


Ds”: As. 
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As to leſſer Circles, which are equal, the De- 
monſtration will be much the ſame, becauſe they 
will be equally diſtant from the Center of he 
Sphere, and conſequently equally diſtant from 
their remoteſt Poles, for the Center of a great 
Circle, is the middle Point between the Poles of 
that Circle; wherefore all the right Lines that 
can be drawn from the Poles of theſe Circles to 
their Periphery, will be equal, as in Part I. LC 
and L E, are equal to AO and AH, would be 
ſtill ſo, tho the Circles O Hs and CE S, were 
leſſer Circles, in caſe they were equal; and ſince 
the Angle CLE and OAH, in leſſer, as well as 
greater Circles, are equal, the Baſes CE and OH 
will be equal, and confequently the Achten which 
1 Og aide be equal allo. 10 


2 4 
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H E ; Pole of a great Circle direct to the . 
vill be its Center; for if it be direct, the 
Eye muſt be in its Axis, and conſequently the 
two Poles muſt be projected into the Center. 


e 


2415; The Pole of right Circle may be "AP 
by ſetting off 90 from one of its extream Points. 
Suppoſe v we were to find the Poles of the right 
Circle AC, take god from the Line of Chords, 
and ſet from C to D will give D its Pole; for 
AC being a right Circle, AB DC will be perpen- 
dicular to it, conſequeritly (per Lem. II. Sect. II.) 
Hyiltpaſs thro its Poles, N the e Point 8, 


Will be the other Pole. 


3zaly. The 
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.. 3dly. The Pole of any oblique Circle may be 
found thus, If we were to find the Pole of the ob- 
lique Circle DFS, it is only laying a Ruler from 
D to F, where the given Circle cuts the Line of 
Meaſures AC, and it will cut the Primitive in G ; 
go Degrees ſet from G to J and K, and a Ruler 
laid from I to D, will cut the Line of Meaſures 
in L, which is one Pole of the given oblique Cir- 
cle; and a Ruler laid on D and K, will cut AC 
ſomewhere, if continued, and that will be the 
other Pole. 4 7 | 


* 


The Poles thus found, will, upon a little Con- 
ſideration, be found to be the two Poles; for, as 
in Prop. V. of the laſt Section, let us ſuppoſe the 
Eye in the under Pole of the Primitive, projecting 

a real Diameter of the Circle of the Sphere, whoſe 
Repreſentation. is DFS, the Pole of it will be 
found to bein L. {2h : | 


n 


If we were to find the Pole of the Circle AEC 
(Fg. 11.) the Eye being at P, the under Pole, 
it is evident that the Diameter is projected into 
e, and the Pole 8 into H, which would have 
been the ſame, if Be on the Primitive had been 
made equal to BE, the Elevation of the oblique 

| Dd 2 Circle, 
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Circle, and 90 Degrees ſet from e on the Primi- 
tive, and a Ruler laid on C and that Point, it 
would have cut the Line of Meaſures in H, which 
is the above Method,  _ 


© ably. The projected Pole of a leſſer Circle 
direct to the Eye is the ſame with that of a great 
Circle, viz. its Center. 


'. 5thly. The Pole of a leſſer Circle that is right 
to the Eye, is the ſame with the Pole of a great 
Circle, to which it is parallel, and conſequently 
will be projected into the fame Point. Or it may 
be done thus, . | 

Suppoſe BO the Diameter of a leſſer Circle 
right to the Eye at B. Erect KEl at right Angles 
to the Diameter BO, and thoſe two Points, K 
and J, will be the Poles; then join D I, and pro- 
long K D, and thoſe two Points where they cut 
the Line of Meaſures AC, will be the projected 
Poles. 5 | fl | 


6:hly. The projected Pole of a leſſer oblique 
Circle, is the ſame with that of a greater oblique 
Circle, to which it is parallel. 10.8 ehr 


50 lle 
d divide the Repreſentation of a great oblique Circle 


* 


into its proper Number of Degrees. 


[Fig. 11. Place the. mouing Plane BER perpendicular to the Pri- 
mitive, and the at her ſo that E and E may come together. 


F ET ABCD be the Primitive, and Af C. 
.. the Repreſentation of an oblique Circle, 
which is to be divided into any Number of De- 
grees required, viz. into the Number of Degrees 
that is contain'd in K T in the Primitive. 


By 


PR 
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By Prob. I. of this Section, find H, the Pole of 
the given oblique Circle, and then a Ruler laid 
on H, and the Points K and T will cut the 
oblique Circle in & and t; ſo will Et be the Re- 
preſentation of the Number of Degrees that is 
contained in K T, and ſo of any other Arch or 
Number of Degrees. Fo | 


DEMONSTRATION 


The Eye at P ſees the Circle ABCD at right 
Angles, and the Circle A ECF obliquely, and P 
is the under Pole of one, and S the upper Pole of 
the other ; therefore, by the laſt Lemma, any 
Circle that paſſeth thro S and P, whoſe Diameter 
is SP, will cut off equal Portions from each 

| Circle. If therefore all theſe Circles are projected 
upon the Plane of the Primitive, with reſpe& to 
the Eye at R, the ſame thing will happen in the 

Projection, which happened in the Circles before 
they were projected ; and it is evident, by Prop. 
IV. of the laſt Section, that the oblique Circle 
AECF is projected into the Circle AeCf, 
and the CERD is projected into the Diameter 
B Dy, which is the Line of Meaſures infinitely 

extended, per Def. V. of this Section, and the 

Poles S and P are projected into the Point H in 
the Line of Meaſures, per Def. V. as being one 
right Line; therefore any Line that paſſeth thro 
the Point H (which is the Repreſentation of the 
Poles of the primitive and oblique Circles) and cuts 
the Circle Ae Cf, and ABCD, will cut off equal 
Portions from them both ; that is, the Arches 
AK and K T are equal to the Arches A & and 
kt ; and fo of any other Circle. ©. E. D. 


Dd 3 Co- 
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Hence we may eaſily divide the Repreſentation 
of any oblique Circle into the Number of Degrees 
that A T repreſents. 5K 16 

Suppoſe it was required to find the Number 
of Degrees that A 7 repreſents ; Find H, the Pole 
of the given oblique Circle, by Prob. I. and 
then a Ruler laid on H and t, will cut the Pri- 
mitive in T; and the Diſtance A T apply'd to 
the Line of Chords, gives the Number of Degrees 
that At contains. ; 1 5 


RO B. Ill. 


To divide the Repreſentation of u leſſer oblique Circle 
4 into its proper Number of Degrees. 
þ [Fig. 20. Place the moving Plane perpendicular to the other. 1A 


FT ET the primitive Circle be MB ND, and 
IL EOe the Repreſentation of an oblique Cir- 
cle, whoſe real Diameter is 8 T, with reſpect to 
the Eye at A, it is evident from what has been 
already ſaid, that P, the true Pole of the oblique 
Circle, is projected into H in the Line of Mea- 
ſures BD. Set off the Diſtance GL (the Diſtance 
of the Center of the Primitive, from the Center 
of the oblique Circle) from L (the Center. of the 
Primitive) to a, thro* ,a, draw „h e, parallel to 
the Line of Meaſures ; then is „Ic, the Diameter 
of a Circle equal to the oblique Circle ST, be- 
cauſe they are equally remote from the Center of 
the Primitive; and the Center of the Circle 
ABCD, in which they both are, and the Circle 
whoſe Diameter is „%, a, d is projected into QRXVYZ 
upon the Plane of the Projection, Now if the 
33 a - Circle 


— — 
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Circle Q Y be divided into Degrees, as ſuppoſe 
XVY, and the Lines, as X H, VH, Y H, be 
drawn, they vill cut the Repreſentatien of the 
oblique Circle into the ſame Number of Degrees; 
that is, do = XY, and oe = V, Ec. | 


DEMONSTRATION. 


The Circle, whoſe Diameter is c, a, V, is direct 
to the Eye at A, and the Circle whoſe Diameter 
is S, T oblique to it, and A is the upper Pole of 
one, and P the under Pole of the other; and 
therefore any Circle paſſing thro' A and P, will 
cut off equal Portions of the Circle whoſe Diame- 
ter is 4 h, and the Circle whoſe Diameter is 
S T, by the Lemma; and the ſame in their Pro- 
jection on the Plane of the Primitive; and the 
Circle whoſe Diameter is 8 T, is projected into 
E OK, and cab into QX VZ, and the Poles P 
and A are projected into the Point H, therefore 
H is the Repreſentation of the two Poles, and of 
conſequence right Lines (which are the Repreſen- 
tation of Circles) drawn from H to any Part of 
QV Z, will cut off the ſame Parts from EO K; 
Ergo, do = XV, and 08 = V Y, which was to 
be proved. 


CORK Ob 


Hence we have every practical Method of di- 
viding any leſſer oblique Circle propoſed. Sup- 
poſe the leſſer Circle be 400 diſtant from its Pole, 
we have nothing to do but to find a Circle thar 
ſhall be equal to it, and parallel to the Primitive, 
which may be done by taking the Semi-tangent 
of its Diſtance from its remoteſt Pole, viz. 140 
on the Tangent of Jo, and therewith, from the 
Center of the Primitive, deſcribe a Circle upon 

| Dd 4 the 
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the Plane of the Primitive, and this will be the 
Repreſentation of a Circle, equal to the Circle to 
be divided; and conſequently Lines drawn from 
the Pole H, to any Number of Degrees in the 
Circle QVZ, will in like manner divide the Cir- 
cle EO K. i) | | | 


p R O B. IV. 


To draw a great Circle thro any two Points given 
within the Peripbery of the Primitive. 


CUPPOSE we were to draw a Circle thro' the 
10 Points E and o, ABCD being the Primitive. 
Draw a Diameter, as A C, thro either of the 


given Points, as thro E, and croſs it with ano+ 
er Diameter at right Angles, as BD. Then 


from the Point E, to either of the Points B or D, 
draw a Line, as EB, on the Point B, erect a 
Perpendicular to EB, and continue that Perpen- 
dicular until it interſect the Diameter A C (con- 
tinued, if need be) in R, and then thro the 
Points EO R draw a Circle, which will be the 
great Circle required. 


D E- 


SpHEAICAL. TRrIGONOMETRY. 409 


DEMONSTRATION. 


The great Circle T E O R interſe&s the 
Primitive in T and I, draw a right Line, as TI; 
now we have nothing elſe to prove, but that the 
Line 'T I paſſeth thro' the Center of the Primi- 
tive; fer then it is a Diameter of a great Circle. 
Let us ſuppoſe HI a Semidiameter, and conti- 
nued, it muſt of neceſſity fall upon the Point T; 
for it is impoſſible it ſhould do otherwiſe. Let ir 
fall on S, and continue it till it meet the great 
Circle in L; the EHX HR = BH, per 22. 
Sect. II. Part I. and LH N HIS EH HR = 
BH = HI *x HT = HIXHS. 

The Reaſon of theſe laſt Equalities will appear 
plain, if we conſider, that ſuppoſing neither HT, 
or SH, to make a right Line with HI, yet they 
are equal to it, as being Radii to the ſame Circle; 
therefore TH x HI = SH * HI = BH, and 
it is proved, that LH x HI BH; and like- 
wiſe SHx HI = LH*xHI; Ergo, LH = SH, 
which is impoſſible that the Part ſhould be equal 
to the Whole, therefore the Point S cannot fall 
any where but where the Points S and L. muſt fall 
together, which can be no-where but at the Point 
T, where the great Circle meets the Periphery of 
the Primitive. 


PROB. 
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Pa Ord N 


To deſcribe a ſpberical Angle of any Number of 
* Degrees. 1 


| A Spherical Angle is the Inclination of two. 
| great Circles upon the Sphere meeting in a 
Point, and whoſe Meaſure is the Arch of a great 
Circle intercepted between the two Arches, which 
conſtitute the Angle, and at go® Diſtance from 


the angular Point. 


e e 
CHALS L : 


When the angular Point is in the Center of the 
Primitive, as at A, and to make an Angle of 379, 
draw the Diameter EA B, and take 37“ in your 
Compaſſes from the Line of Chords, and ſet it 
from B to C; then draw AC, and the Angle 
CAB is the Angle required; for the Radii A C 
and BC, are the Repreſentations of part of two 
great Circles, and are Quadrants, and conſequently 
the Meaſure of the Angle is the Diſtance BC 


upon the Primitive. 
; CASE 
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CASE Il. 


If the angular Point be at 8 in the Periphery of 
the Primitive, and it is required to make an An- 
gle of 45 1 


In this Caſe, upon due Conſideration, we ſhall 
find, that it is no other than to draw the Repre- 
ſentation of an oblique Circle, whoſe Elevation 
above the Plane of the Projection, is equal to the 
given Angle ; ſo that if, from the Point S, we 
draw a Diameter, and perpendicular to it another 
EB, then is EB the Line of Meaſures, where 
the Tangent of 45 ſet from A, the Center of the 
Primitive, to B, gives B the Center of the Re- 
preſentation of the oblique Circle required; and 
the Diſtance SB, the Radius ( per Prop. IV. 
Sect. II.) and the Circle 8 Fi being drawn, will 
conſtitute an Angle at S equal to 45, as was re- 
quired: Or by the ſame Prop. you may take the 
Secant of the given Angle, and ſet from $ to B 
on the Line of Meaſures, and that Secant is the 
Radius of the given Circle. 


N. B. If your Angle was above go?, proceed 
with the Supplement to 180, and it is evident 
that the Angle FSB is that Angle required. 


CASE III. 


If the angular Point be any where within the 
Periphery, but not in the Center, as at H, and 
it was required to make an Angle of 35®, 

Proceed as before in drawing a Diameter thro 
the given Point, as SHR, and continue it longer, 
if need be; croſs it at right Angles with ano- 
ther Diameter, as E B, then thro' the Points 

E E,H,B 
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E, H, B draw a great Circle, as HL NM, and 
thro' the Center of that Circle R, draw another 
Diameter ML perpendicular to S R; then, ſup- 
poſing HLN M as a primitive Circle, and we 
were to make an Angle at H equal to the given 
one 35 we may find its Center K in the Line of 
Meaſures, and draw GHIN, then is the Angle 
IHB = 4 GHE = 35?, as was required; and 
the Reaſon of the Thing appears obvious to any 
one, that it is impoſſible that it ſhould be other- 
wiſe, and there remains nothing to prove, but 
that the Circle GHIN is a great Circle in the 
Primitive ESBz, as well as in the Circle HL 


DEMONSTRATION. 


The great Circle, whoſe Repreſentation is 
HLNM, is equal to the Primitive E SB z, be- 
cauſe all great Circles of the Sphere are equal 
and the great Circle whoſe Repreſentation is G H 
IN, is ſuppoſed equal to LMN H, therefore it 
muſt be equal to ESB. ; E. D. 


Or we may make an Angle at H, without 
making it of two oblique Circles; that is, by the 
Interſection of a right Circle and an Oblique, and 
then the Conſtruction will be exactly the ſame as 
before, only we muſt ſet the Tangent of the 
Complement of the given Angle, from R to K, 
and with the Radins K H draw G HI, then will 
RH be equal to 55?, as was required. 


 PROB. 
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PRO B. VL. 


25 draw the Repreſentation of one great Circle, per- 
Pendicular to the Repreſentation of another great 
Circle. | 


T is evident from Lem. IT. Sect. II. that when 
A any two Circles paſs through one another's 
| Poles, they are perpendicular one to another, 
therefore if we have a great Circle given, it is 
only finding its Poles and drawing a Circle thro” 
them, and that Circle ſo drawn, will be the Per- 

pendicular required. | 


- CASES LF. 


The Repreſentation of a Circle, perpendicular 
to the Primitive, is any Diameter; for the Cen- 
ter of the Primitive, is the Repreſentation of both 
its Poles. . Tis 577200 151 
CASE II. 


The Repreſentation of a Circle, perpendicular 
to a right Circle, may be drawn by drawing a 
Diameter thro its Poles, as B D, is perpendicular 
to the right Circle A C, it paſſing thro its Poles 
B and D. 5 | 


CASE 11 


If we were to draw the Repreſentation of an 
oblique Circle, perpendicular to a right one, as 
| AC, *tis done by drawing any oblique Circle that 
ſhall paſs thro* both its Poles B and P, and of 
conſequence the Center of ſuch a Circle mult lie 
in the right Circle, continued, if need be, to 
which it is required to draw a — 3 
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CASE IV. 


To draw the Repreſentation of one obli que 
Circle, perpendicular to another, as perpendicular 
to BF, and thro the Point F. Find E and H 


the Poles ef the given ligne Circle (by Prob. I. 

of this Section ]. and then thro the Points I, F, 
and E, draw a Circle, as the Circle HF oO which 
is the Peependicula B 


„ K 0 B. VII. 


To mir the Nanni of any Part if i 4 gen 
Circle in be Pro jection. 1 


yg $7? 
* wa. 2 # i » 


CASE I. 


'HE Arch of (See Fi g. to Prob. VI) the Pri- 

mitive, as SB, is meaſured by taking the 
Diſtance SB in your Compaſſes, and applying it 
to the Line of Chords, will give the N amber of 
Wee it contains. | | 


: | Inf 
4 F = . » k wad 


CASE 
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R | 


The Arch of a right Circle RI, may be mea- 
fured by taking the Diſtance IR in your Com- 
paſſes, and applying it to the Line of half Tan- 


gents for the Radius of the Primitive, and that 


will ſhew the Number of Degrees; or it may 
be done by laying a Ruler on its Pole D, and 
the Points R and I, the Extremities of the given 
Arch, and that will cut the Primitive in S and B, 
and the Diſtance SB applied to the Chords, wil 


ſhew the Number of Degrees that the Arch RI 


contains. 4 e 3 
My E 


The Arch of any oblique Circle is meaſured by 
Cor. to Prob. II. of this Section. | 


PROB. VIII. 


25 meaſure any Spherical Angle. (See Fig. to 
Prob. V. of this Section.) 


1. IF we were to meaſure the Angle CAB 
. A where the angular Point is in the Center of 
the Primitive, it is only applying the Diſtance 
CB to the Line of Chords, and it will give you 
2 Meaſure of the Angle required to be mea- 
Jureck 74}, £77145 n - ol + 1 


2. If we were to meaſure an Angle in the Pri- 
mitive, as the Angle ES F, it is done by apply- 
ing F A to the Scale of half Tangents, which ſub- 
tracted from 90, leaves the Angle ESF; or it 
may be done by finding the Center of 8 Q, as 
B, and the Diſtance A B applied to the Line of 
Tangents, gives the ſame as before. 


3. "£0 
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3. To meaſure an Angle within the Primitive, 
than not in the Center, as the Angle I HB. Find 
the Poles of both the Cireles = conſtitute the 
Angle, as v and n, and a Ruler laid on the angu- 
lar Point H, and the Poles r and u, will cut the 
Primitive in æ and i, the Diſtance ⁊ i applied to 


the Line of Chords, "will give the Meaſure of the 


Angle required; or it may be done by findi 

the Centers of the two oblique; Circles R and 

and that Diſtance applied to the Scale of Tangents 
(far the Radius of that of the two Circles, which 
is to be eſteemed the Primitive to the other) will 
give the Meaſure of the required Angle. The 
Reaſon of theſe Caſes will Hr ow ow 


P A 045. V. . 


R O B. x 


25 draw the Repreſentation f one Cirete, parallel 


to 1 e eee another. 


CASE E: 


F 0 . 2 ii Circle: pandlioh © to i Primitive, 
1 and at any given Diſtance: from it, as ſup- 
poſe 3a® ; take half the Tangent of the Comple- 
ment of its Diſtance from the Primitive, and there · 
with, from the Center, deſcribe a Circle, as ab 
ce d, and that is the e of the Circle 


1 


CASE I. 


; fo draw a Ci 7 parallel to a right Circle, and 
any given Diſtance from it, as 30%, from the right 
Circle BED, and parallel to it, from B to m, and 


from D to % ſet the Chord of the given Diſtance; 
and . 


1 
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and with the Tangent of the Complement of the 
given Diſtance, and ſetting one Foot in the Points 
mn, or u, the other will fall on the Line of Mea- 
ſures prolonged in R; and then with the ſame 
Diſtance, and one Foot in R, draw the Circle 
mo n, which will be parallel to B D, and diſtant 
from it 30, per Prop. V. Sect. II. Part II. 


CASE HE: 


To draw a Circle parallel to an oblique Circle, 
and diſtant from it any Number of Degrees, as 
50, from the oblique Circle Be D, it may be thus 
done, Find p, the Pole of the given oblique Cir- 
cle, and by the Scale of half Tangents, meaſure 
the Diſtance between that Pole and the Center of 
the Primitive, as px, and ſuppoſe it to meaſure 
32, then 32 + 4o, the Complement of the Di- 
ſtance, = 72“; and the half Tangent of 72“ ſet 
from x to , is the Limits of the Circle one Way, 
and 42 — 32 = 8; and the half Tangent of 8 
ſet from x to g, gives the Limits of the Circle the 
other Way, and the Diſtance 5% biſected in o, 
gives the Center o, and oh the Radius of the Pa- 


ralle] required. 


Ee | But 


418 The ELEMENTS of [7 
But altho this is true in Fact, yet in my Opi- 
nion, the following Method is much preferable to 
it, and, which is eaſily deduced from Prop. VI. 
and VII. of Seck. II. Part II. viz. Having p, the 
Pole of the oblique Circle given, if we ſet the 
Chord of the Complement of the given Diſtance, 
i. e. the Chord of 40, from p, both Ways, to 


G and H, and draw, the Line GH, it is evident 
by Inſpection, that the Line GH is the Diame- 
ter of | the parallel Circle. required to be. drawn, 
| becauſe the Ends of it are equal to the given Di- 
ſtance from the Extxemities of the oblique Circle 
given; and it is certainly as evident, that the 
Line G H is projected into gh in the Line of 
Meaſures, ſuppoſing the Eye at D, as well as it 
doth the Diameter E F of the oblique Circle, in 
ef in the ſame Line of Meaſures ; wherefore, if 
gh is biſected in o, then is o the Center of the 
required Circle, as before. : 1 


oO ROI. 


By this Way, if we know the Elevation (or, 
which is all one, the CA Be) of the oblique 
Circle BD, we may find the Points g and Y at 
once ; for ſuppoſe the L ABe= 32 = 7 
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1 GB, ant FC wa AE, " Gs HF; 
therefore BC + RC. BY = 90 + 32 — 50 
== 8H; then, Prop. VL of the laſt 
Section, make g x = hal if Tangent of GB, and 
x þ = half * BH, and you have the Dia- 
meter as before, but with more Certainty, and 


leſs T rouble. 
P RO B. X. 
To meaſure. any projected Arch of a parallel Circle. 


CASE I. 


F the Circle be parallel to the Primitive, then 

a Ruler laid thro' the Center, and the extream 
Points of the Arch to be meaſured, will cut the 
Primitive in the proper Number of Degrees that 
was required to be known in the parallet Circle. 


CASE H. 
If a Circle be parallel to a right one, as „m 50 7 
( See Fig. to Prop. TX.) any Part of that Circle is 


meaſured, or, indeed, divided into its proper Num- 
ber of Degrees, by "the Corol. to Prob. III. * this 


Section. 
CASE III. 


I a Circle be parallel to an oblique Circle, any 
Arch of it may be meaſured by the ſame Corol. 


Be PR OB. 
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ROB. XI. 
To draw a leſſer Circle perpendicular to a great 
24 Cirele. 1 25 


HIS Problem (tho indeed it may properly 

be ſaid to be Part of the VIth) may now 
eaſily be perform d; for if any great Circle what- 
ever, either direct, right, or oblique, were given, 
and it was required to draw a leſſer Circle perpen- 
dicular to it, tis but drawing a great Circle per- 
pendicular to the given great Circle, and then 
drawing a Circle parallel to that which is likewiſe 
ſaid to be perpendicular to the given Circle too. 


N.“ B. It is neceſſary to take Notice, that tho this 
Circle ſo drawn is called a Perpendicular to 
the firft Circle, it is not ſo in Fact; for no 
leſſer Circle can be perpendicular to a great 
Circle ; for if perpendicular, the Interſection 
of the two Circles ſhould make four right An- 
gles, as it does, but the Angles on each Side 
the Perpendicular are not equal, as will appear 
from the Sight of any Sphere or Globe, for none 
but great Circles of the Sphere can be at right 
Angles one to another. 


PR OB. XII. 


To make an Angle at the primitive Circle of any 

Number of Degrees that ſhall paſs thro any Point 
within the Primitive, as of 40, to paſs thro 
the Point Q. (See the Fig. to Prop. V.) 


\ \ [ITH the Tangent of the given Angle, 

| and one Foot in the Center of the Primi- 

tive, draw an Arch 2 2, then will the Center of 
| | an 
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an oblique Circle, whoſe Elevation is = 4.0?, be 
ſomewhere in tu, then with the Secant of the 
lame, and one Foot in the Point E, draw » mn, 
and where theſe two interſect, muſt be the 
Center of the oblique Circle SQ F, to make the 
Angle required, per Prop. IV. and its Coro. 
Sect. II. =» + 

If the Propoſitions in Sec. IT. and the Problems 
in the laſt, be underſtood, it will be no great 
Difficulty to project the Sphere upon the Plane of 
any great Circle, and an Example or two will 
make it very intelligible, % 


p RO B. XIII. 


Jo project the Sphere Stereographically upon the Plane 
7 of any great Circle. 


EXAMPLE I 


To projett the Sphere upon the Plane of the Horizon, 
for the Latitude 5048“. 


N order to project the Sphere on the Plane of 

the Horizon, we muſt firſt conſider the Situa- 
tion of the other Circles of the Sphere in re- 
ſpect to the Horizon, and we ſhall find, that the 
ſolſtitial Colure paſſing thro* the Eye in the Na- 
dir, will be: projected into right Lines, per Def. V. 
Sect. II. and the Equinoctial will be projected into 
an ones Circle, whoſe Elevation above the 
Plane of the Projection, is equal to the Diſtance 
of the Equinoctial from the Horizon, viz. the 
| Complement of Latitudes of the Place, and the 
Ecliptick will be projected into an oblique Circle, 
whoſe Elevation will be 23* 297 leſs than the 


Equinoctial, Oc. 
1 E e 3 _ Theſe 
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Theſe Things being premiſed, draw any Circle, 
as YH=R, which let repreſent the Horizon and 
Plane of the Projection. Draw any Diameter, as 
HR, which may repreſent the ſolſtitial Colure, it 
is evident, by Def. III. Sect. II. that E is the 
Projection of the. Zenith and Nadir, becauſe they 
are the Poles of the Horizon. | E 


The Elevation of the Pole of the World above 
the Horizon, is equal to the Latitude of the 
Place, may be ſet off upon the Diameter HR, 
from H to P, or its Complement 39 12/, from 
Z to P; and the Equinoctial YE =, whoſe Ele- 
vation above the Horizon, is 39“ 12, may be 
drawn by Prob. V. Sect᷑. III. 


The 
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The two Tropicks abc and d we, may be 
drawn parallel to the Equinoctial, and diſtant 
from it 23* 29“, by Prob. IX. of this Section: 
Then if we draw the great Circle P thro' the 
equinoctial Points of Aries and Libra, and P the 
Pole, then will that great Circle repreſent the 
equinoctial Colure, being at right Angles to H R, 
the ſolſtitial Colure: And as the Ecliptick makes 
an Angle of 23 29“, with the Equinoctial in the 
Points Y and =, it will alſo make an Angle with 
the Horizon of 16 31'; that is, the Repreſenta- 
tion of the Ecliptick will be elevated above the 

Horizon 162? 317; and of conſequence, if we draw 
ſuch a Circle Y, W, =, it will truly repreſent the 
Ecliptick. | 

And to draw the Hour Circles, is no more than 
to draw ſuch Circles, as % Pi, P =, fPg, Ec. 
in ſuch a Manner, that they all interſect one ano- 
ther in P, the Repreſentation of the Pole of the 
World, and the Angles made by theſe Interſe- 
tions, muſt be equal to 155, becauſe that is the 
Meaſure of an Hour of Time in the Equinoctial: 
And theſe Circles ſo drawn, will be ſo many dif- 
ferent Meridians, at an Hour's Diſtance. 


Thus have 2 a Method of drawing all the 
great Circles of the Sphere; and as for Parallels 
of Altitude, they are drawn by deſcribing Circles 
at a Diſtance required, parallel to the Primitive: 
And Parallels of Latitude are drawn parallel to 
the Equinoctial; both which may be done by 
Prob. IX. of this Section. 


— — Bo lp” apts bf 
* . P . 


| 
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EXAMPLE II. 


To project the Circles of the Sphere upon the Plane 
of a Meridian for the Latitude of 50® 4.8. 


= T HZRN be any Meridian. Ir is evident 
ILL that the Poles of the World will be ſome- 
where in that Meridian, becauſe all Meridians paſs 
thro' the Poles, which Poles let be P the North, 
and S the South Poles, and join them with the 
Diameter 8 P, which will repreſent another Meri- 
dian, and will be the Axis of the World, and 
85 P, and S P, are two others. 


Set from the Line of Chords, the Latitude of 
the Place from P to R, and from 8 to H, and 
draw the Diameter R H, then is HR the Repre- 
ſentation of the Horizon; and if we ſet 90 from 

/ | | 0 


y 
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R to Z and N, then will Z and N repreſent the ' 
Zenith and Nadir, and R will be the North Point, 
and 8 the South Point of the Repreſentation of 
the Horizon, and the Eaſt and Weſt Points will 
be projected into the Center of the Primitive, 
becauſe the Eye is ſuppoſed to be in one of 
them. | | | 
If we croſs the Diameter SP at right Angles 
with another Diameter, as E E &, it will repre- 
ſent the Equinoctial being every Way 90? diſtant 
from the Poles of the World. 1 
Again ſet off 230 29“ from to &, and from 
& to W, and draw S, , which will then repre- 
ſent the Ecliptick, becauſe it makes an Angle 
EES = 239 29/, with the Equinoctial. 

And any great Circles, as NA Z., and Ne, 
being drawn thro' the Zenith and Nadir, will be 
vertical or azimuth Circles. 

And for drawing the lefſer Circles, as Tropicks, 
Parallels of Altitude and Latitude, they may be 
drawn parallel to the Equinoctial and Horizon, as 


before directed. 


I have been deſignedly very ſhort in theſe Pro- 
jections, becauſe the Thing will be enough ex- 
plain'd in the following Projections of the Caſes 
of Spherical Trigonometry, where all the Circles of 
the Sphere will be differently apply d. 


So” THE 


'THE 


ELEMENTS 


0 F 
Sunna T'RIGONOMETRY. 


e E, 1%: 
Of SenrrICAL Taxiconowtrtay, 


s Plain Trigonometry teacheth us to 
| | meaſure the Sides and Angles of a 
right-lined Triangle, ſo Spherical 

Tur. gonometry teacheth us to meaſure 
the Sides and Angles of 'Triangles, whoſe Sides 
are Parts of Circles. 


2. A ſpherical Angle is made oy the meeting 
of two Circles. 


3. A ſpherical Triangle is a Portion of the 1 


face of the Sphere, contained between the Inter- 
ſections of three Circles. 


4. The 
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4. The Quantity of an Angle.i is meaſured by 
the Arch of a Circle every Way go? diſtant from 
the angular Point, and intercepted between the 
two Circles, that from the Angle. iy 


Properties of Spherical Triangles. 


1. When one great Circle croſſeth another great 
Circle, the Sum of the contiguous Angles are 
equal to two right aten becauſe their Meaſure 
is a Semicircle. EEE 


2. When one great Circle crofſeth * the 
oppoſite Angles are equal, as in the croſſing of 
right Lines, and may be demonſtrated by I 


c ſame Method. 


3. The greater Angie i is oppoſite to the renter 
Side, as in plain 'T ranges 


4 Two Triangles mutually 8 are alſo 
equiangular. 


6. If two Sides, and the included Fs of one 
Triangle, are equal to two Sides and the included 
Angle of another Triangle, the two Triangles are 
equal in all reſpects. 


y. Two Sides of a ſpherical Triangle, are 
always greater than a third. 


"FR OF 
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PR OF. I. 
All great Circles of the Sphere cut one another into 
/ Two equal Parts. 


HIS has been already demonſtrated in 
Low. It. $27.1. 


COR D's. 


From hence it Pollows, chat every side o 4 
T range | is leſs than a Semicircle. 


P RO 3 


The oppoſite Angles at the Sections f two great 
Circles, are equal ; that 1 the LABS = 
LL AC8. 


ler 5. Place the moving. Planes that A and A may come to- 
20 PE. A 


DEMONSTRATION. 


B* Def. III. the Arch of a great Circle inter- 
cepted between A and 8, is the Meaſure of 
the Angle A ES, as it is likewiſe the Meaſure of 
the Angle AC 8, being 9oꝰ diſtant from each, 
conſequently the "Angles are equal, becauſe the 
fame Arch is the Meaſure of them both. Q, E. D. 


PROP, 
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PR G P. III. 


In any ſpherical Triangle, as EDS, if the Sum of 
the Legs including any Angle, be greater than a 
Semicircle ; that is, if ED + Es be greater 
than the Semicircle EAC, then the internal An- 
gle at the Baſe E, is greater than the outward 
oppoſite Angle D SC, and the two internal Angles 
DES and Es D, are greater than two right 
Angles. 


[Fig. 5. Place the moving Planes ſo that A and D may come 
together.] 


DEMONSTRATION. 


DE + ES being greater than the Semicircle 
EDC, and SD is greater than DC, conſe- 
uently the Angle DCS = DES, is greater 
than DSC, per Prop. the third, which was to 
be proved. _ 
Again, £ DES + ESD, is greater than 
ESD + DSC, but LES D + DSE = 180% 
therefore . DES + £ ESD is greater than 180®. 


PROP.' 


P R OP. IV. 


F EAA AS is equal to the Semicircle E A C, 
then the internal Angle at E is equal to the out- 

dard oppoſite Angle ASC, and the two erp] 
Augles at the Baſe B+ 8 == 1800 : x 


[Fig 5. Place the moving Planes 65 that A ** a may. come 
| rr 


DEMONSTRATION. 


EA ++ AS, being equal to the Semicircle EAC, 
the Side AS = AC, and conſequently the LACS 
= EES (Ce. Prop. II.) = ASC ter Pro- 
perty the ſecond); and AES + ESA = ASE 
+ ASC, but the laſt Side of the Equation is 
equal to two right. Angles, conſequently the other 
is ſo too. 5 E. D 


PROP. * 


ia dS + SE be leſs than a Semicirele, then the ins 
ternal Angle at the Baſe E, is leſs than the out- 
ward Oppoſite L DSC. 


[Fig. 5. Place the moving Planes ſo that A and ,d, may come 
together.] 


HE Demonſtration of this will be juſt in 
the ſame Manner with the two laſt Propo- 


ſitions. 
4 


* it is plain, that in an Iſoſceles Triangle, 


1 one of the equal Legs YE greater, equal, or = 
than 


1 
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than a Quadrant, the Angle at the Baſe is accord- 
ingly, equal, or leſs than a right Angle. 


ys WS eg | 


The Sum of the three Sides of a ſpherical Triangle, 
are leſs than four right Angles. | 


[Fig. 5. Place A and A together.] 


DEMONSTRATION. 


I N the Triangle CAS, the Side AS is leſs than 

AC + CS (by Property J.) and adding 
EA+ES to both, than AS + EA + ES, 
leſs than AC + CS T EA + ES, which are 
equal to four right Angles being two Semicircles. 


©. E. D. 5 | 


FREOF TK 


The Boles of the Sides of any Triangle GHS, con- 

f titute another Triangle nxm, which we may call 

ſupplemental to the Triangle GHS ; for the Sup- 

plements of the Angles of the Triangle nxm, are 

equal to the Sides of the Triangle GHS, and the 

Supplements of the Sides of the Triangle nx m, 
are equal to the Angles of the Triangle GHS. 


DEMONSTRATION 


F. OM the angular Points of the Triangle 
| G, H, 8, as Poles, deſcribe on the Globe three 
great Circles x AX, RTun, and & BA Z, and 
then finding the Centers of the given Sides, con- 
tinue them to Y and Z, and to Z. and K, and to B 
and D; in being the Pole of GH, mV equal to a 
| | | 9 | Quadrant 


432 The ELEMENTS of 
Quadrant ( becauſe it is the Diſtance of the Pole 


of that great Circle ſrom its Periphery) equal A x, 


x or D being the Poles of the Circle GS, therefore 
adding n A on both Sides mx, mx = AY", 
being the Pole of HS, Zu = Byx equal to a 
adrant, and adding By to both Sides, then x 7: 


= Bz c<qual to Supplement of BK, which is the 


Meaſure of the Angle HSG. 


Again, mn ="T R, 2. e. the Diſtance between P 


the Poles of any two great Circles, is equal to the 
Inclination of thoſe Circles: But » being the Pole 
of HS, and m the Pole of GH, un will be the 


N Diſtance between the two Poles. And the Angle 


THR is the Inclination of the two Circles, whoſe 
Meaſure is TR, wherefore my = T R, and add- 
ing mn T to both, then R = Tu; but m being 


the Pole of GH: M R equal to a Quadrant, and 


of conſequence T is a Quadrant alſo : nm being 
equal to TR, m will be equal to the Meaſure 
of the Supplement of the Angle GHS, fo that 


the latter Part of the Propoſition is proved, viz. 


that the Supplements of the Sides of the Triangle 
nm, are equal to the Angles of the Triangle 
GHS. | 
And that the firſt Part is true, may be thus de- 
monſtrated. _ e c 122 
The Triangle Dm conſtituted between the 


three next Poles, hath its Sides equal to the 
Angles, 
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Angles, and its three Angles equal to the Sides of 
the Triangle GH S, fave the greateſt Side un, is 


the Supplement of the 4 H, and the 4 D, of 


the Side GS. Q. E. D. 


PROP. VIII. 


Any Angle of a Triangle, with the Difference of the 
other two, is leſs than two right Angles ; that is, 


G LH- LS, is leſs than two right 


Angles. (See the laſt Figure.) 
_DEMONSTRATION 


nx is leſs than xm + mn ( becauſe two Sides 
of a Triangle is greater than the the third); 


mu =2Ls — LH 
But Sam = 2 Ls — £G> By the laft. 
K1=2 1s — 28 


'Therefore, by Reftitution, 2. — LS, leſs 
than 2 Ls — LG +2 Ls — H. Thelaſt Step 


＋ 2G LH, is then 2L 3 — S8 ＋ 


+ ZH =4 Ls: Then each Side — 2 Ls, it 
will bC+ H- 8, leſs than 2 s. Q, E. D. 


20-7, 1%; 


If two Triangles are mutually equiangular, they are 
mutually equilateral. 


DEMONSTRATION. 


 CINCE the two 'Triangles are equiangular by 
I Suppoſition, their ſupplemental Triangles will 


be equilateral by the 7th. Since the Supplements 
Ff of 


. 
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of the Sides of their ſupplemental Triangles will 
be reſpectively equal to the Angles of two equal 
Triangles, conſequently the Sides of the ſupple- 
mental Triangles will be reſpectively equal to one 
another; but the ſupplemental Triangles being 
equilateral, will be equiangular, by the 5th Pro- 
perty ; and being equiangular, the Sides of the 
two equiangular Triangles given, will be reſpe- 
ctively equal, as being equal to the Supplements 
of the two equilateral ſupplemental Triangles, by 
Prop. VII. of this Section. . 


The three Angles of every ſpherical Triangle, are 
greater than two right ones, and leſs than fix 
_ right ones. | 


DEMONSTRATION. 


BY Prop. VI. foregoing, the Sides #x + x17 
+ mn, are leſs than four right Angles ( See 
Ng. to Prop. VII.) But nx + xm + mn=6Ls 
— LH — LG —S, per Prop. VIII. being the 
Sum of the three firſt Steps in that Propoſition, 
conſequently 6 Ls H- G—S, is leſs than 
4 Ls; and the laſt Step divided by four right 
Angles, and then + H 8 G, it will be 2 Ls 
leſs than LH + LG + LS, which is the firſt 
Part of the Propoſition ; that is, LH + LG + 
LS, greater then two right Angles. 
The Sum of the internal Angles of any Trian- 
_ gle, are leſs than the Sum of the internal and ex- 
_ ternal Angles taken together; but they are equal 
to ſix right Angles ( becauſe they are the Angles 
formed by the Interſection of two great Circles 
taken three times, and the Angles formed by the 
meeting of two great Circles, are equal to _ 
£ right 


TP 2 
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right Angles (per Prop. I.) therefore the three 
times ſuch Interſections, which will be at the three 
Angles, is equal to fix right Angles) Ergo, the 
Internal are leſs than fix right Angles. 


PROP. XL 


Of ſeveral Arches of Circles falling from the ſame 
Point of the Sphere's Surface, on another Circle, 


the greateſt is that which paſſeth thro” the Pole of 
that Circle. 


[Fig. 24. Place the moving Planes ſo that A and A may come 
| together. 


DEMO NST RAT TON 


ET P be the Pole of the Circle DWC, and 

W the Pole of the Circle DPC, then will 

AD (= AP + DP) be greater than AB, 

greater than AE, or than AC, and the Arch 
BWC greater than BP or BD. D, E. D. 


P R O P. XII. 


In ati oblique angled Triangle, if the Angles at the 
Baſe are alike, that is, both acute, or both ab- 
tuſe, the Perpendicular let fall from the oppoſite 
Angle, will fall within the Triangle, and the 
guadrantal Arch without; but if they are unlike, 
then the Perpendicular falls within the Triangle, 
and the Quadrant without. 


DEMONSTRATION. 


'OR in the Trian gle AEF acute-angled at 
E and F, a ena let fall upon E F 


from the oppoſite Angle A, as AC falls within the 
Fiz Triangle, 
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Triangle, and the Quadrant AW. without (ſup- 
poſing a Circle paſſing thro' A and W). £ 
4 loin the Triangle BAG (ſuppoſing a Circle 
paſſing thro* B and A) obtuſe angled at B and C, 
a Perpendicular A D to the Baſe BG, falls within 
the Triangle, and the Quadrant A W without. 
But in the Triangle B AE, whoſe Angle B is 
acute, and BEA obtuſe, the Perpendicular A C 
to BE continued, falls without the Triangle, but 
the Quadrant from A, as A W, falls within the 
Triangle. 5 ; 


'Theſe Propoſitions being underſtood, it will be 
very eaſy from them to draw the following Theo- 
rems. rt | 


. Ta EkOREM - 


In the ſpherical Triangles BAC and BH E right- 
angled at A and H. If the Angle B, at the 

Baſe HBA, and Bs be acute, then the Sine of the 
Hypothenuſe's ſhall be proportional to the Sines of 
the perpendicular Arches. | 


[Fig. 25. Place the two triangular Planes . eee to the 
Plane to which they are fi d, and the circular moving Plane, 
fo that C and C, and E and E, may come together.] 


DE MON ST RATIO N. 


FH right Lines CD and EF being perpen- 
dicular to the ſame Plane, are parallel ¶ per 

6 Euc. 11.) Alſo FR and DP are perpendicular 
to the Radius OB, and are likewiſe parallel ; 
wherefore the Planes of the 'Triangles EFR and 
CDP. and CP and ER, (the common Section 
of the Planes, with the Plane paſſing thro' RE 
and CO are) parallel, by 16 Euc. 11. There- 
fore the Triangles CDP and E FR are ſimilar, 
and 


. | Rs. 
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and of conſequence their SReFFoportional. But 
CP is the Sine of the Hypothenuſe BC, ER is 
the Sine of the Hypothenuſe BR, and CD is the 
Sine of the perpendicular Arch CA, and EF is 
the Sine of the perpendicular Arch EH ; there- 
fore, by Proportion, CP: CD:: ER: EF; 
that is, | | 


As the Sine of one Hypothenuſe, 

Is to the Sine of the Perpendicular ; 

So is the Sine of the other Hypothenuſe, 
To the Sine of its Perpendicular, 


N. B. 5 Sine. 
| cone, or Sine of Comp. 
T > Sands for IT; angent. | 
R | / Radius Wl 
27 (Cotangent, or Tangent 


of Complement. 


TRE ORE 1 


The ſame Things ſuppoſed as before, QA and HK, 
the Sines of the Baſes, are proportional to L A 
aud GH, the Tangents of the perpendicular 
Arches. 


DEMONSTRATION. 


FTER the fame Manner as in the laſt 
Theorem (See the ſame Figure) we can de- 
monſtrate, that the 'Triangles QA L and K H G, 
are ſimilar ; wherefore QA (the Sine of the Baſe 
AB): AL (the Tangent of the Perpendicular 
CA) :: HK (the Sine of the Baſe BH) : HG 
(the Tangent of the Perpendicular EH). Q,E.D. 


Ff 3 THEOREM 
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e i. 


In the ſpherical Triangles ABC, "iv angled at A, 
it will be, 


As the Coſiue of the 1B (at the Baſe A B), 
F to the Sine of the L ACB (at the Perpendi- 
cular AC); 

So is the Coſinè of the Perpendicular A C, 

To the Radius. 


DEMONSTRATION. 


RODUCE the Sides of the Triangle ABC 
until they become Quadrants ; that is BS = 
BD = AL go; then from B and C, as 
Poles, deſcribe the Circles OLDS and OF Es 
then DO = CE = CF = OE = 90% and of 
conſequence DE = BC, and CA=LF, and 
the right Angles are A, 8, D, E, and As the 
Complement of B A, and CD the Complement of 
BC, and LC the Complement of CA, and DS is 
the "Meaſure of the Angle B, as is E F, that of 
the Angle FCE = 3 and DS =OL. 


In the Triangles FCE and LCD, right- 
angled at D and E, having both the fame acute 
Angle C, it will be, per Theorem 1, = S, LD 5 
2 
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S FB :: & CL : 5e V 
4 $1 CAR CER 


From theſe three Theorems, and what may be 
drawn from the preceding Figure, all the Caſes 
-- right-angled ſpherical Trigonometry may be 
 lolved. * PS, e 


THEORER IV. 


As the Cofine of the Baſe, 

Is to the Cofine of the Hypothenuſe ; 
So is the Radins, 

To the Coſine of the Perpendicular. 


DEMONSTRATION. 


IN the Triangles ASL and CDL (Hg. 75 
Theorem III.) right-angled at S and D, having 
the ſame acute Angle, therefore, by Theorem 1. 
As , A854, CD: $, LA: IC m8 
s, Aa .. 8 


o 


As the Sine of the Baſe, 
Is to the Radius; 

is the Tangent of the Perpendicular, 
To the Tangent of the Angle at the Baſe. 


DEMONSTRATION. 


N the Triangles ABC and SBD (See the lf 

Figure) having the ſame acute Angle B, and 
right-angled at Sand A, it will be ¶ per Theorem II.) 
JJ :: 1, AC: TT, 1S; ma in 
Aa SS BA;E Ae: T, EB @ED. 


Ff 4 THEOREM 
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— VI. 


Tbe c ne of the vertical Angle c, 

Is to the Radius; 
As the Tangent of the Perpendicular, 
Is to the T, angent of the Hypothenuſe. 


DEMONSTRATION. 


I N the Triangles OE D and O FL, right-angled 

at F and E, having the ſame acute LO, it will 
be (per T beorem II.) As 5, OF: , OE :: 2, 
DE; that is, As =p LC: 3 75 
CA : J BC, 


T u * EM VII. 


The Sine of the Hypothenuſs, 
FP to the Radius; 
As the Sine of the Perpendicular, 
Ts to the Sine of the Angle at the Baſe. 


DEMONSTRATION. 


T: the laſt Triangles mentioned, it will be (per 

Theorem I.) As S, ED: S, OD: 8, FL 

5 S, OL; that is, As §, BC: R ; 8, CA ; 
2 B 7 


TuxokkM 
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THEOREMu VIII. 
The Radius, | | 
Hs in Proportion to the Sine of the Hypothenuſe ; 
As the Tangent of the Angle at the Perpendicular, 
Is to the Tangent Complement of the Angle at 
the Baſe, | 


DEMONSTRATION. 


F the Triangles FE C and DLC, right-angled 

at D and E, having the ſame acute Angle C, 

it will be, by Theorem II. As S, CE: S, CD: 

g FR 9, LD; chat is, As N , BEt 
2 ES: To, 4B. 2 | 


It is here proper to obſerve, that the Angles B 
and C are ſuppoſed acute, and each Side leſs than 
a 88 | 

From theſe eight 'Theorems (or, indeed, from 
the two firſt, for the fix laſt are only Conſequents 
from them) are all the Proportions in the follow- 
ing Table taken. In which Table there is ſhewn, 
at one View, what is given, and what is required, 
in all the Caſes of right-angled ſpherical 'Trigono- 
metry, with the Theorem for the Solution, and 
from what Theorem that Proportion was taken. 


Caſes. 
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P PROPORTIONs. 
R:=,CA:: = BA: SBC 
„BA: R:: Z, CA: LB 
R. SBC: Z C: 2c, CB 
R: S A 
R:S,BC::S,7C:SBRA. 
= ,4.C:R::L,CA:T7,BC 
R. SCA: : „LC: E LB 
B: BA:: JCB: Z, CA 
CB ACER: SBA 
SEB: CA:: R. „BS 
Ne 
SBC.R. : CAB 
2, BC: Z, CA:: R: LC 
=,CA:R:: S, BC: , BA 
R 
„C: SL B:: R. S, CA 
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The Caſes in the foregoing Table, are all that 
can happen in Right-angled ſpherical Trigonometry ; 
and as for the Solution of Oblique-angled Triangles, 
we muſt have ſome more 'Theorems before we can 
raiſe the Proportions for them, and moſt of theſe 
will ariſe upon the Conſideration, that the per- 
pendicular Arch A C let fall from the C, upon 
the Baſe DB continued, if need be, make two 
right-angled 'Triangles BAC and DAC, out of 
the given Triangle. 

| THEOREM 
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TRHEOREN IX, 


25 he Coſine of the Angles B and D at the Baſe BD, 
are proportional to the Sines of the vertical Angles 
BCA and DCA. 


DEMONSTRATION 


For r S, CA: R per Theo. 
CEO: LCA: v 


Ergo, , B: S, BC A:: E, D: DCA. Q. E. D. 
\ Ee 


A 20 


„ 


T he Coſines of the Sides BC and DC, are propor- 
tional to the Coſines of the Baſes BA, DA. 


: XK 8 
For s D 2, BD :: R. S, CAT IV 


Ergo, E, BC: S,DA:: E, CD: Z, DA. QED 


TREOREU 


5 


2 22 728 : C by : po, 
444 be EIEMuENTS of: 
N Ef "EN" ö ; : , 


Tur OR EM XI. 


7 Sine s of the. Baſes: BA and DA, are in a re- 
eiprocal Praportion of the e of rhe N 
B and D, at the Baſe BD. 


DEMONSTRATION. 


, BA: R:: 2, AC:, — 25 heor. 

42, DA: R:: , AC: Z. 

3 SBAXTB= r Ty in 

. DAT DR, ACꝰ Equat, 
| Confocucntly 5 HAS B=eDAx2D 

$5 in Anal, 16] SBA: SA: J. D: I, B. E.). 


— 


W . 


{ LEY XII. 


tl | 

The Tangents « of the Sides BC and C D, areina 
reciprocal. Proportion to the Sines f the vertical 
—_ BCA and DCA, | 


PRC. K. 774 25 BCA | 


| Wie, as in the laſt, FT; BC x = BCA = T. DC 
8 DCA. 
Which in Anol. is T, BC: T, DC:: E, DCA: 2, 
BCA. FED, 


"THEOREM 


mw 
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Sz ane XIIl. 


The Sines of the Sides B C and DC, are bew 
cally proportional to N Snes . their e te 
Angles Band Db. 


DEMONSTRATION 


For 5H BE. . t 85 LB r VI 


Whence, as in the two laſt 5, BC *, LB = 7 80 
"x: Ne 
Which in Anol. is SBC. 8, Dc. „ o. 4.8; 


Eb. 


„ XIV. 


In any ſpherical Triangle ABC, the Product of 
CFxAE(or of FMXAE) contained under the 
Sines of the Leg BC and BA, is to the Square 
of the Radius, as IL (or "of i L A, the Dif- 
ference between the verſed Sine of the Baſe CA, 
and the verſed Sine of AM, the Difference of the 
Legs) to GN, the verſed Sine of the. Angle B. 


TFi .27. Place the Plane PNG nn to PO N, and 
the other Planes ſo that P and P, * C and C, may come 
together.] 


DEMONSTRATION. 


E Sine FC = FM, is the Sine of one 

Leg, and AE is the Sine of the other Leg, 

and BM is equal BC, conſequently AM is the 
Difference of the Legs, and L.A is the verſed Sine 
of the Difference of the Legs, and IA is the 
verſed 


1 
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verſed Sine of the Baſe CA, conſequently the 
Part IL is the Difference between the verſed Sine 
of the Baſe, and verſed Sine of the Difference of 
the Legs; and it is likewiſe plain, that if from B, 
as a Pole, we deſcribe the Circle PN, then is PN 
the Meature of the Angle ABC contained between 
the Legs, and GN is the verſed Sine. 

It is plain that BP and BN are \ if 
from B, as a Pole, we deſcribe a leſſer Circle, 
(whoſe Plane i is C FM) thro C; the Planes of the 
Circles CFM and PG N, ſhall be parallel (per 
Lem. III. St. II.) and becauſe the Plane GNP 
is perpendicular to the Plane BON, the Plane 
FCM will be ſo too; and ſuppoſing Lines, as 
PC and CH, to be drawn perpendicular to the 
Plane of the Circle BON, they will fall in the 
common Section of the Planes with BON, as 
{ſuppoſe in Gand H; again draw HI perpendicular 
to AO, and then the Plane of H I, as CHI, 
ſhall be perpendicular to A OB, becauſe CH is 
perpendicular to it, whence AI is perpendicular 
to CI, by 18 Euc. 11. 

The Ioſceles Triangles CPM and PO N, 
are ſimilar, becauſe MF, NO, and CF, PO, 
are parallel, and the Angles CFM and PON 
are equal, becauſe the Lines that conſtitute them 
are in the ſame Planes; and the Perpendiculars 
from the equal Angles P and C, divide the 'Tri- 
angles into ſimilar ones ; therefore it is, As FM: 
ON:: MH: GN; and becauſe the Triangles 
A OE, DIE, and "DL M, are ſimilar, it will 
be, as AE: AO:: DL: DM; and as AE: 
AO:: ID: DPH; and by Compoſition of Pro- 
portion, AE: AO :: DL + DI: DH + DM > 
that is, as AE: AO::IL: MH; but it has 
been proved, that FM: ON: : MH: GN ; and 
by Multiplication, AEXFM:AOxON::IL 
x MH: GN*xMH,; and by taking away Al H 

rom 


4 
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from the two laſt Terms, and ſquaring O A, or 
ON, becauſe they are equal, and Radius's, it is 


as AEXFM: AO:: IL: GN, which was to 
be proved. 


TixrorEtm NV. 


The Difference of the werſed Sines of two Arches, 
multiply d by half the Radius, is equal to the 
Produtt of half the Sum of the Arches, by the 
Sine of half the Difference of the Arches. 


DEMONSTRATION. 


ET the two Arches be BE and BF, whoſe 
Difference is FE, which biſe& in D, and 
draw the Radius CD, and the Chord EF; from 
the Point E draw GE parallel to C B, and from 
the Points E, D, and F, draw Perpendiculars to 
CB, as FI, DK, and 11 then ſhall GE = 
IE == Difference of the verſed Sines of the two 


C 


Arches, and D K the Sine of half the Sum of the 
Arches, and F O the Sine of half the Difference 
of the — and the 8 CDK and FGE 


are 
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are ſimilar; therefore DK:GE::(DC:F BY 
1222 DC: 2 FE; whence, by turning it into an 
Equation, it will be DK x2 FE GERA = 
=ILx;DC. 2, E. * 8 


Tur oaENMN XVI. 


The verſed Sine of any Arch, multiply d by half hi 
Radius, is equal to the Square & the Sine of balf 
the [aid Arch. 


DEMONSTRATION. 


6 HE Triangle CBS C See Fig. to the laſt Prop. } 
and EL B, are ſimilar, becauſe the Angles 
L and S are right Angles, and the Angle B com- 
mon to both ; therefore, n BS: 
CB, which turned into an Equation, is LB 
CB = BE Xx BS, and EB xXx 2 cBN 
BE = B86. | 


„„ 
TuEORREN 


4 3 T his PLA T E contains all the Moveable Cuts, aud is 
Wt + WE be —_ facing * 448. 
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THEOREM XVII. 


In any ſpherical Triangle, as ABC, whoſe Legs 
containing the Angle B, are BC and AB, and 
the Baſe ſubtending that Angle, is AC. If the 
Arch A M be taken equal to the Difference of the 
Legs, then ſhall the Product of the Sines of the 
Legs, be to the Square of the Radius ; as the Sine 

cf the Arch — 5 — * AY , is to 
the Square of one Half of the Sine of the Angle B. 
(See Fig. to Theorem XIV.) 


DEMONSTRATION. 
AsS,BA*xS$S,BC:R1::IL.:v*S, CB; of 
as IL XR: 2 RVS, LB, per Theor. XIV. 
AndIL xER =S, — * 8, AC: 
per Theorem XV. 
And y* S,LB x4 R = S,7 LB, per Theo. XVI. 
Ergo, 8, BA x 8, BC: Ka:, EE * 8, 


2 15 „ D; E. D. 


By the Help of theſe laſt Theorems, and the 
foregoing eight, may all the Caſes of oblique- an- 
gled ſpherical Triangles be ſolved. And, as be- 
fore, in right-angled ſpherical Triangles, ſo here 
I ſhall give a Table to ſhew what is given, and 
what is required, and the Proportions for totving 
them, and then ſhall proceed to the Practice, and 
give the geometrical Conſtructions, and logarith- 
metical Calculations to all the different Caſes of 
right and oblique-angled ſpherical 'Triangles. 

Gg Cas E. 
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*'AISV 


B C 


CD 


BD 


| 
as | | K 
5 r 
hy ; B 
> B D 
* : 
9 PROPORTION. = 
D SCD LB : . 


This Caſe is ambignous, becauſe 
the Angle B may be either greater 
or leſs than a Quadrant, or its 
Supplement to 180?, both having 
the ſame Sine, the Proportion 

from Theorem XIII. 1 


Pl” Os 


* 


R: „B :: 7, BC: . B A, per 
Theorem VI. S, BC: S, BA:: 


[Z; DC: , DA, per Theor. X. 


The Sum or Difference of B A and | 
DA, according as the Perpendi- 
cular falls within or without the 
Triangle, is equal to BD, which 
cannot be known, unleſs the Spe- 
ciesof the Angle D befirſt known. 


* 


* 


per Theorem XII. 


„ % l, 
per Theorem VIII. and 72, DC: 
„ f (DA, 
The Sum and 
Difference of theſe Angles BCA 
and DCA, according as the Per- 
pendicular CD falls within or 


without the Triangle, is the Mea- 


I ſure of the Angle BCD. 
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48 v0 


& 0 © | & S | NAA 


| 


PROPORTION. 


7, 


£D::-&BC;:: £8; ACE. 
which Side is ambiguous ; the Pro- 
portion taken from Theor. XIII. 


— Rz: Te, B: 7, BEA, 


per Theor. VIII. and S, B: 5, BCA 
:: , D: „ DC, per Theor. IX. 
Wherefore the Sum or Difference 
of the two ſaid Angles, is the 
Angle C required, according as 
the Perpendicular falls within or 
without, which may be known by 
Prop. XII. of this Section. 


R: 2, B:: 2, BC: 2, BA, per | 


Theor. VI. Z, D: , B:: , BA: 


S, DA, per Theor. XI. The Sum 
or Difference of B A and DA, is 
equal to BD, according as the 
Perpendicular falls within or with- 
out, which may be known as be- 


fore. 


R: Z, BC: ZB: Te, BCA, 
per Theor, VIII. S, BCA: S, DCA 
:: „B: , D, per Theorem IX. 


And whether the Angle D ſhall þ 


be of the ſame Affection with B, 


may be known as before. 


IO 


DB 
BC 


B C 


BD] 
B 


fanurnds u 


O 
8 


DC 


& | 
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PROPORTION. 


4. 4 4 2 


— 


S, Be: R:: Te, B: BCA, 
per Theorem VIII. S, DCA: 
= BCA :: LBC: ,DC, per 
Theorem XII. And whether DC 
ſhall be greater or leſs than a Qua- 
drant, may be known from the | 
Solutions of Ambiguities of right- | 
angled ſpherical 'Triangles follow- | 


ing. 
| 


R: Z, B:: Z BC: 2. BA, per 
Theor. VI. S, BA: S, BC :: 
S, DA: S, DC, per Theorem X. 


And whether DC ſhall be greater 


or leſs than a Quadrant, may be 
known from the above mentioned 
Solutions. | 


* 


R: E, B:: 2, BC: 2, DA, 
per Theorem VI. 5, DA: 5, BA 
:: , B: 7, D, per Theorem Xl. 


and if J BA 5s BD; 
then Flike 


* B. 
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„ 
NN 3A19 


11 BC 


12 


-aiTIaday | 


Q 


CD 


ES . 


[DC - CB = CM. 


— 


8 
5 -D 


PROPORTION. 


r 


„BG D 2: & 


S 
28 * C, per T heor. XVIL Here 


Since, by "I VII. of this 
Section, the Poles of the Circles 
BC, CD, BD, do conſtitue ano- 
teer Triangle, " whoſe Sides ſhall 
be the Supplements to the Angles 
B, D, C, and the Angle's Supple- 
ments to iche Sides BC, CD, DB; 
therefore tis only changing the 
Angles into Sides, and the Sides 


into Angles, and then the Propor- 
tion will be as in the laſt Caſe. 


Gg 3 T 
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> © $5 Yo 
To Projec and Calculate all the Cas ES of 
Right-angled ſpherical Trigonometry. 


be made ambiguous ; that is, they may 
have two Anſwers, tho* one will only 
anſwer the Tenor of the Queſtion. Therefore I 
ſhall, before I come to the Projection of right- 
angled ſpherical 'Triangles, ſay ſomething in order 
to determine which ſhall be the true Solution ; and 
I ſhall do the like before I come to project the 
Caſes of oblique ſpherical Triangles. 


1. The Legs of the right Angle, are of the 
Ame kind with their oppoſite Angles: So in the 
Triangle BDA (See Fig. to Prop. XI. of the laſt 
Section] right-angled at D, becauſe that DA is 

| : | greater 
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greater than a Quadrant, the Angle DBA is ſo 
too (per Property 3. Sect. IV.) and in the Triangle 
BCA, becauſe AC is leſs than a Quadrant, the 
Angle CBA is fo too; that is, it is leſs than the 


right Angle CBB. 


2. If the Legs, and conſequently the Angles, 
are of the ſame, or different Kinds, the Hypothe- 
nuſe is accordingly leſſer or greater than a Qua- 
dirant: So in the Triangles DAE and EAC, the 
Legs DA and DE are greater, and CA and CE 
are leſſer than a Quadrant (which is what is meant 
by being of the ſame kind) the Hypothenuſe AE 
is leſs than a Quadrant; but in the Triangle 
BDA, whoſe Legs BD and DA, are not of the 
ſame kind, but one greater, and the other leſs, 
than a Quadrant, the Hypothenuſe B A is greater 


than a Quadrant, as BP. 


3. On the contrary, if the Hypothenuſe be leſs 
than a Quadrant, than are the Legs and the An- 
gles oppoſite to them, leſs than a Quadrant ; but 
if the Hypothenuſe is greater than a Quadrant, 
then are the Legs that conſtitute the right Angle 
of different kinds, viz. one greater, and the other 
leſs than a Quadrant. 


4. If the Hypothenuſe be greater or leſſer than 
a Quadrant, 'each Leg ſhall be like, or unlike its 
adjacent Angle ; for if the Hypothenuſe be leſs 
than go?, the Legs are ſimilar, by Solution 2. as 
alſo the Angles by the 1/7. wherefore each Leg 
will be ſimilar to its adjacent Angle ; bur if the 
Hypothenuſe is greater than go?, the Legs are 
unlike, by $/ution 2. and the Angles being of the 
ſame kind with the Legs, by the 1/7. each Leg 
will be diſſimilar to its adjacent Angle and vice 


wer ſa. 
Gg 4 Before 
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Before I come to project or calculate ſpheric 
Triangles (as my Deſign is to apply the Caſes to 
ſome aſtronomical Problems) I ſhall add ſome few 
more aſtronomical Definitions, which begin where 
thoſe in Page 375 end, and are abſolutely neceſ- 
fary for the underſtanding the following Caſes. 


Def. I. The Declination of the Sun is an Arch 
of a Meridian intercepted between the Sun and 
the Equinoctial. 


IT. Aſcenſion is the Riſing of the Sun or Star, or 
any Part of the Equinoctial, above the Horizon. 


III. Right Aſcenſion is an Arch of the Equi- 
noctial intercepted between the Beginning of Aries, 
and any Meridian, and counted according to the 
Order and Succeſſion of the Signs : Or it's that 
Degree and Minute of the Equinoctial, which 
come to the Meridian with the Sun, | 


TV. Oblique Aſcenſion is an Arch of the Equi- 
noctial between the Beginning of Aries, and that 
Part of the Equinoctial which riſeth with the Cen- 
ter of the Sun, 2 Contra, for Deſcenſion. 


V. Aſcenſional Difference is the Difference be- 
tween the right Aſcenſion and oblique Aſcenſion: 
Or it is an Arch of the Equinoctial contained be- 
tween the Axis of the World, and that Meridian 
which paſſeth by the Sun. 


VI. Amplitude is an Arch of the Horizon con- 
tained between the Sun's Riſing or Setting, and 
the Eaſt and Weſt Points, and ſheweth how far 
the Sun or Star Riſeth or Setteth from the Eaſt 
or Welt Points of the Horizon. 


| VII. Aziz 


Pp, 
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VII. Azimuth of the Sun is an Arch of the 
Horizon contained between the Meridian of a 
Place, and an Azimuth Circle paſſing thro' the 


Sun. 5 


VIII. Altitude is that Arch of an Azimuth Cir- 
cle (paſſing thro* the Sun or Star) intercepted be- 
_ tween the Sun or Star, and the Horizon. 


IX. Latitude of a Place is the Diſtance of the 
Zenirh of that Place from the Equinoctial : Or it 
is the Elevation of the Pole above the Horizon 
of that Place. 


. 
Given 3 A 2 ok 2 2 : Required AC. 


Or given the Latitude of the Place, and Sun's Am- 
| plitude ; to find the Sun's Declination. 


Geometrical Conſtruction. 


ET HCS be the Primitive; draw any right 
Circle, as KB, then make r A = Comple- 
ment of AB = 33 (per Prob. II. Se. III.) and 
CB = 50 48”, per ſame; then thro' the Points 
C, A, and S, draw the great Circle CAS, which 
\ finiſhes the Triangle ABC; and AC meaſured 
(per Prob. VII. Sect. III.) is 71 15, what is re- 
aired, draw Z r # Perpendicular 8 C. 
In this Projection let the Primitive HCS repre- 
ſent the ſolſtitial Colure, then will the Eye be in 
either Aries or Libra, which are the Eaſt and 
Welt Points, and will be projected into the Cen- 
ter (per Def. IV. Sect. II.) and let HB repreſent 
the 
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the Horizon, and CB will be the Latitude of the 
Place, and C the Pole, r A the Amplitude North, 
and SC will be the Axis of the World, and r & 
the Equinoctial, and Ad the Sun's Declination ; ; 
therefore A C ſubtracted from A a, leaves 18% 45 
for the Sun's Declination. 


2 5 

17 
9 | 4 —|B 

£ 0 

By Calculation. 
As Radius 90 8 FE 1 55 10, 00000 
Is to the , BA = 60 — 95698970 
So is the S, CB = 50 48 - - 9.808067 
To the =, AC =/ 15 = - 9,507037 


Which ſubtracied from go, les 18 45 for 
the Sun's Declination. 
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e 


1 / | 
Given 5 I, 15 9 48 5 Required the Angle C. 


Or there is the Amplitude and Latitude of the Place 
given ; to find the aſcenſional Difference. 


. Geometrical Conſtruction, 


1 S the ſame as in the foregoing Caſe, and the 
Angle C will be the Complent of the aſcenſional 
Difference; for vd is the aſcenſional Difference 
(per Def. V. to this Seftion) and d & is the Com- 
plement to rd; but dæ is the Meaſure of the 
Angle C (per Def. III. Sect. IV.) therefore it is 
the Complement of the aſcenſional Difference. 


By Calculation, 


As S, CB = $50® 48/ - » 9.889271 
Is to Radius go = - _=- _ I0,000000 
So is T, AB = 60 - = 10,238561 


1 
— — 


To the FCC = 65? 54 — 10, 349290 


Which ſubtracted from 90 (S ra) = 24 26 = 
Sun's aſcenſional Difference. 


CASE. 
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CASE Il 


LB = 23 29 


3 
Given 17 _— 5 Required the Angle C. 


Or there is given the Sun's Place in the Ecliptick, 
and Sun's greateſt Declination ; to find the Angle 


form'd by the Meridian and Ecliptick. 


Geometrical Conſtruction. 


\RAW de any right- Circle to the Primitive 
due, and make the Angle d BF = 239 29 

(per Prob. Seck. III.) then croſs the right Circle 
deat right Angles with another, as B, then ſet 
54 from B to C ( per Prob. IT. $24. III.) and 


draw the great Circle C A, which compleats the 


Triangle ABC. 


IT 


This Projection is made upon the Plane of the 


ſolſtitial Colure, and the Primitive d ne, the ſol- 


ſtitial Colure, and the Eye, being at Aries, or 


Libra (which are projected into the Point B) will 
project the Equinoctial and Ecliptick into the two 
right Circles de and fi, making the Angle at B 


equal to 23® 29/, being the Angle between the 


Ecliptick and Equinoctial; and n being the Pole 


A Cz will be the Meridian paſſing thro the given 


Point 


Pa. 2 


SpHERICAL TRIGONOMETRY. 461 


Point of the Ecliptick, conſequently the Angle 
ACB = 152? 40', is the Angle between the Eclip- 


tick and Meridian required, 
\ | 
By Calculation. 


As Radius 90 - — = Io, oooooo 
Is to =,BC= S4 = 9.769219 
S0 is Z, CB = 23 9 = 9,637956 


— — 


To Te, IC =1540 - 9400775 


r 


„ 


Given = 23 20 


£ Required the Side CA. 


Or there is the Sun's greateſt Declination, and Place 
in the Ecliptick given; to find its preſent Decli- 
nation and right Aſcenſion. 


Geometrical Projection. 


1 Projection is the ſame exactly as in the 
| laſt Caſe, and it is as evident, that FC g is 
a Parallel of Declination for the Time, and CA 
the Diſtance of the Sun from the Equinoctial. 


By Calculation. 


As Radius 9o > 3 I'0,000000 
Is to S Hypothenuſe BC 5 4 9,907958 
So S, LB = 239 39 - = _  9,600409 


— — 


To the S, CA = 18487 * 9, 508367 


CASE 
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CASE... 
Given FCB 43 = 5 45 3 oo'? Required the Side AY B. 


Or there is the Sun's greateſt Decli nation, and Place 
in the Ecliptick given; to find its right Aſcen- 


fron. 


a H E Geometrical Projection is the ſame as in 
the two foregoing Caſes, and AB will be 


the Sun's right Aſcenſion (per Def. II. of this 
Section) and may be meaſured ah per Prob. VII. 


Seck. III. 
By Calculation. 


As Radius, or 9 — _=- _ I0,000000 
Is to =, LB = 24% 20! — 9,962453 
80 is 2, BC = 54 . 15738739 


. 


To 2, AB = 51 3! - 10, 101192 


Which is equal to the Sun's right Aſcenſion re- 
quired. 


CASB 
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CYL 


5 | 
Given 3 2 = * bh 8 Required CB. 


Or there is given the Sun's greateſt Declination, 


and right Aſcenſion; to find the Sun's Longitude 
from Aries. . | 


Geometrical Projection. 


AVING drawn the Primitive (See the Jaſt 

Fig. ) which let be the ſolſtitial Colure, 

make the Angle FBd = 239 29/, as in the laſt 

three Problems; then upon the Equinoctial d e, 

ſet off 51® 37 from B to A per Prob. IT. Sect. III.) 

and then thro' the Points A and , draw the 

great Circle AC n, which finiſheth the Projection, 

and gives the Hypothenuſe CB = F, the Sun's 
Longitude from Aries, as was required. 


In the two Projections already done, in one 
the angular Point given is in the Primitive, in the 
other it is in the Center of the Primitive: I ſhall 
now do this laſt, ſo that the angular Point ſhall 
be any-where within the Primitive, but not in the 
Center, as in B. 

At the Point B make the Angle ABC = 
23” 29/, with two oblique Circles (by the laſt 
Caſe of Prob. V. Sect. III.) and, by Prob. II. lay 
off 5135 from B to A, at the Point A draw 
the oblique Circle CAS perpendicular to 7 A 
(by Prob. VI. Sed. III.) which finiſheth the Tri- 


angle. 


By 
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By Calculation. 
As =, B = 235 I. * _- mon: 


Is to Radius go? = - -  10,000000 
So is 2, AB = 51? By —— 10101211 


To 2, BC = 4h - = 10,138958 
Which is equal the Sun's Longitude from Aries. 


C-A SE VII. 


Given AB 45 : * 3 72 Required the Angle C. 
Or there is the Sun's greateſi Declination, and right 


Aſcenſion given ; to find the Angle form'd be- 
tween the Beli ptick and Meridian. 


1 1 'HE Projection is the fame as in the laft 


Caſe. 
By Calculation. 


As Radius go? - =- = = 10,000000 
Is to =, AB=g1" 37 = = 9793035 
$08, LB = 23% 30% = - 9,600409 


Toz,iC=7,, 40 -  -” $3946 


Which is equal the Angle n the Ecliptick 
and Meridian. 
CASE 
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— 


CAA SE: N. 
a TAB = 51 35 ö f 
Given 742 0 — 37% Required AC. 


'F HE Geometrical Conſtruction, and the 
Parts, are the ſame with the two laſt Caſes, 
and AC will be the Sun's Declination, which 
may be meaſured (by Prob, VII. Seck. III.) 


By Calculation. 


As Radius go? - = - = 10,000000 
Is to S, AB = 51? 37 = . 9,894246 
80 is 2, LB = 230 2914 9,6379356 


* 


To the 7, BA = 18 48 = 9,532202 


Which is equal the Sun's Declination. 


Hh CASE 
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AS E N. 
. 3 0 EX, 
Given © AG 25 5 45? — AB. 


Or there is given the Sun's greateſt and preſent De- 
clination; to find his right Aſcenſion. | 


Geometrical Projection. 


9 dne a Primitive (See Fig. to Caſe III.) 

which let be the ſolſtitial Colure, and make 
the Angle fBd = 23 29“, which will be the 
Sun's greateſt Declination, then (by Prob. IX. 
Sect. III.) draw / C g parallel to de, the Equino- 
Etial, and thro" the Point C, where that Parallel 
cuts the Equinoctial, draw the Circle A C u, 
which finiſheth the 'Triangle, the Parts of which 
are the ſame with all the foregoing Caſes, becauſe 
the Projection is upon the ſame Plane. | 


eee EE Are re a ee r A 
n ; a * * ©, 
1 
” 


! 
4 


By Calculation. 


As 2, LB=23%* 29% - - - 9,637956 
Is to the 2, AC = 18® 4% - 9,532205 


So is the Radius go? — — I0,000000 


To the right Aſcenſion AB = 51% 30 9.894249 


CASE 
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CASE © 
Given 3 — — 55 - 4 Required BC. 


F | 'HE Geometrical Projection is the ſame with 
1 laſt, and in this Caſe it is plain, that BC 
will be the Sun's Longitude from Aries. 


By Calculation. 

As S, LB =23* 254 9, 600400 

Is to 5, CA = 1848 l“ = 9, 508214 
So is the Radius go? = = _ 10,000000 


ES 


To S BC = 54" 3 9,90 5803 


CASE MW. 


3 | 
Given 1 TS 5 - 2 Required the Angle C. 


HE Geometrical Projection is the ſame 

with the two laſt Caſes; and the Angle re- 

quired, is the Angle form'd between the Meridian 
and Ecliptick. 


By Calculation. 


As the S, AC = 18? 48 = = 9,976189 
Is to Radius go® „„ „ 
nnn 23 29 = 9.962453 


To „ C5 4% - = 9,986264 
H h 2 CASE 
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CASE MI. 
Hypothenuſs BC = 52 


5 "ED ; 5 
Even Fo Perpend. AC = 30 e Requir. LB. 


Geometrical Con firuftion. 


1 R OSS the Primitive with two right Circles 
perpendicular one to another, as þ d& Bi, then 
draw the Circle i Ch parallel to the Primitive, and 
diſtant from it 30 &' (by Prob. IX. Seck. III.) 


VL 


and by the ſame draw vc parallel to h d, and di- 
ſtant from it the Complement of 525; and where 
theſe. two interſe& one another, draw the great 
Circle CB, which finiſheth the Triangle. 


Or ſuppoſing the angular Point not in the Cen- 
ter, nor in the Primitive, as in the Point C, thro' 
the Point C draw = oblique Circle, as A Cx, 
from C to A; lay off 38 (by Prob. II. Sect. III.) 
and then thro' the Point A draw d A e perpendi- 
cular to A Cr; thro' the Point C, and the Cen- 
ter, draw tu; then from C, (by Prob. II.) 


lay off each way the 529 equal to the Hypothe- 


nuſe, and that Diſtance biſected in the Middle, 
| | gives 


1 
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gives the Center of the Circle z By, which will 
be every way Diſtant from C 52, conſequently a 
great Circle drawn thro' B and C (by Prob. IV. 
Sec. III.) will compleat the Triangle, and give 
BC, the Hypothenuſe given, and the Angle 
CBA required. 


By Calculation. 

As the 5, BC the Hypothenuſe 52 9, 896532 
Is to the Radius go = 10, oo0000 
So is the Sine of the Leg A C 30 ub 9,9890 


To the Sine of the Angle B = 39® 23/ 9.902438 


CASE NC 


Given 3 4 = 1 Required LC. 


4 1 E Geometrical projection is the fame as 
1 before, as is the Aſtronomical Part, which, 
in this, and the following Caſe, will be needleſs 


to repeat. 


Hh 3 By 
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By Calculation. 5 
As T, BC = 5 „ 10, 105190 | 


Is to J, CA 3o0%kh 97593731 
So is the Radius go 10, 00000 


 ToZ,4.C=4n 25 - -- = 9g,830341 


Given 3 32 20 3 Required BA. 


By Calcul ation. 


A , CA = 30% - 937837 
Is to Radius go? - - - = 10,000000 
80 is =, BC F = - = 9,789342 


To the =, BA = 44* Si 5 9.851811 


- n 


Spnertcat Triconoueray. 47% 


Given om * 852 — Required CB: 


camera Projection. 


1 THO: V. Sell. III. make the Angle C = 

, and then find P, the Pole of Te Circle 
CAd (by Prob. I.) then thro? the Pole P draw 
the Abe Circle PAB, in ſuch a manner, that 
5 „Angle B at the Primitive, may be equal to 
(by Prob. XIII ) which We ns: the Tris 


2 


By Calculation. - 
As 2, Cm = « -_ 4 to,gz8gg4 


— — 


Is to Te, B 40% « <« 10,076186 
80 18 Radius go? - — = — 10, 00000 


PPP 


6— 


To the &, BC = 69% 5“ <« + 9,6352 38 


Hh 4 CASE 
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CASE XVI 


Given 1282 i c Required CA. 4 


T's HE Geometrical Projection is the ſame as 
in the laſt Caſe, and then, 


Sy Calculation. | 
As the S. C= = 70? «© =- =» g9,972986 


Is to =, B . 5 9,884254 
So is Radius go? -= 10, ooo 


TO S, CA = 85® 24 „„ 9.911268 


— \ g 
5 1 4 
N \ _ 
1 2 
3 Map > * 
1 > 
b -* 4. 
I ! Ku 
„ — : * , a 
\- 7 


« \ - * 
9 9 \. > 
FI 17 „ 1 a : F - l — 
5 — p *s * \ : * _ f 7 — 9 
dy < JG 22 - © K 1 X 
e D 3 a = / \ 
— IG — _— = \ k : =y * ** \ 
—ͤä— — cnn 


—— — Q _—_— ——— 
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SECT. vi. 


To Projecs and Calculate all the CAs ES of 
Oblique-angled ſpherical Triangles. 


0s of the Caſes of oblique-angled 
221 ſpherical Triangles, are ſometimes am- 
biguous, and ſometimes not ; therefore 
it is neceſſary to determine, before the 
Operation, whether they are ambiguous or not; 
to do which, the following Rules are to be ob- 


ſerved. 


Firſt, When the Sides BC, CD (Se Fig. to 
Theorem IX.) and the Angle B oppoſite to one of 
them, are given to determine whether the Things 


ſought are ambiguous or not. 


If 


— — — — —ä —A— 2 


8 
2 


{® 
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If the Side BC is ; pon: than a Quadrant, 


and the Angle B ee then is L ACB 


5 = (nap per Solution III. of ambiguous right. 


angled ſpherical Triangles ; and of conſequence the 
Te * 
Sicke BA greater 8 (per 1ſt of the ſame) than 
a Quadrant, and then the 'Thing ſought is 
ambiguous 
8 lh ; for if BA be leſs than a 
Quadrant, BD may be greater, or leſs than a 
Quadrant, becauſe DA may be greater or leſs : 
But if B A be greater than a Quadrant, than DA 
muſt be leſs than a Quadrant, it is no matter whe- 
ther the Perpendicular falls within or without the 
Triangle; for if it falls a, then 


| ADS - Bo. 


. : atnbiguous 
And if BA is not ambiguous 


ambiguous 
are 3 bl 


7 then the 


other Things ſought 5 whence 


this, 


not ambiguous 
RULE 1 

8 4. 
If the Legs are of 2 unlike kind then the 


Things ſought are j e bigu . 5 by this 


Rule are ſolved the 1ſt, 3d, and 4th Caſes. 


| Sec ondly, 
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Secondly, When there are two Angles, B and 
D, and the Leg BC, oppoſite to one of them, 
given; to determine the Ambiguity. | 

It may be determined (per Prop. XII. Sect. IV.) 
whether AC falls within, or without the Tri- 
angle. 


| | ſame 
If the Angles BCA and B are of the 3 
kind 


$ leſs 
king © then BA pe ws 1 than a Quadrant, 
per Solutions to Ambiguities of right-angled Tri- 


angles: And if BA — FER £ than a Quadrant, 


N ambiguous 8 
then AD 3 ae 0 biguous © for by the laſt it 
may be greater or leſs than a Quadrant, if B A be 
leſs than a Quadrant ; but if BA is greater than 
a Quadrant, BD muſt be preater likewiſe, and 
therefore not ambiguous; and if BD is ambigu- 
ous, the reſt of the Things ſought will be ſo too, 
otherwiſe not. 'This Solution will do when the 
Perpendicular falls within the Triangle ; whence 
this Rule. | 


1 


If the Side oppoſite to one of the Angles 


dE} than a Quadrant, then the Things 


ſought are 22 aint : By this Rule are 


ſolved the ad, 5th, and 6th Caſes. 


Thirdly, Tho' the Theorem given in the laſt 
Caſe is what is given by moſt Writers of Trigo- 
nometry, yet it will only do when two Angles, and 
two Sides, are Quadrants (and conſequently when 
it happens to be given otherwiſe, we muſt have 

| Recourſe 


K * * 


* 
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Recourſe to ſome other Solution) which the late 
Mr. Samuel Cunn thus demonſtrates : | 

For, if poſſible, let the Side of ſome Triangle 
RST (See Fig. to Prop. VII. Sect. IV.) be equal 
to the Meaſures of the Angles of the Triangle 
GHS; that is, let RS, S'T, RT, be equal to 
the Angles H, G, S, the Angles of the Triangle 
GHS; and alſo, that the Meaſures of the Angles 
R, 8, T, be equal to the Sides GH, GS, HS. 

Produce 92x and un, till they meet in E, of 
which „E, (per Prop. VII. Sect. IV.) the Meaſure 
of the Supplement of mæ, which, by the ſame, 
was the Meaſure of the Angle G, therefore x E 
is the Meaſure of the Angle G. And in like 
manner the Side E (the Supplement of m nu, 
which, by the ſame, was the Supplement of the 
Angle H) is equal to the Meaſure of the Angle 
H itſelf ; but the third Side x x is not the Meaſure 
of the Angle D, but it is its Supplement (per VII. 
Sect. IV). Again, If the Angle Kæ n, whoſe Sup- 
plement is nm, the Meaſure is GH (per VII. 
Sect. IV.) and of the Angle n E, whoſe Supple- 
ment is n m, the Meaſure is equal to HS; but 
the third z Ex, which is equal ꝝ; in , the Meaſure 


is not equal to G'S, but to its Supplement. 


Then make »V =R T = BK, the Meaſure - 


of the Angle S, and draw the great Circle EV; 


and fince RS is, by Suppoſition, equal to the 


Meaſure of the Angle GHS, which is equal to 


Ex; and ſince the Meaſure of the Angle 8 RT, 
by Suppoſition is equal to G H, which is alſo equal 
to the Meaſure of the Angle nE. The Trian- 
glesR ST, and zEV, are mutually equiangular 
(per Prop. VI. Sect. IV.) conſequently ST = EV 
= Meaſure of the Angle HGD ; to which Mea- 
ſure x E is alſo equal. Therefore EV = Ex, 
conſequently the Angle EVax = ExV (per IV. 
Sect. IV.) and the Angle Ex V, whoſe 8 24 is 
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= GD, is = Angle A, or 2 VE, ſince, by Sup- 
poſition, the Meaſure of this is alſo equal to GD. 
Therefore the Angle EVx = 4. EV n = a Qua- 
drant, conſequently Ex V is a Quadrant alſo: 
Therefore (per Lem. II. $e&.1I.) EV and Ex 
are both Quadrants. 

But if EV is a Quadrant, and at right Angles 
to n then E is the Pole of nx per Def. I. Sect. II.) 
and ſo Ex is a Quadrant alſo, and the Enx a 
right one. Therefore if the Sides of a Triangle 
En V, or its Equal RS T, are equal to the Mea- 
ſures of the Angles of ſome other Triangle GH 8, 
and the Meaſures of the Angles of the former, 
equal to the Sides of the latter. Two Sides of 
ſuch a Triangle RST, or GHS, muſt be Qua- 
drants, and two Angles are right ones. 

Therefore if a Triangle RS T be conſtructed, 
whoſe Sides are equal to the Meaſures of the An- 
gles of ſome other Triangle GHS. The Meaſures 
of the Angles of the Triangle RST, ſhall not be 
equal to the Sides of the Triangle GH D, unleſs 
in the Caſe before mentioned, therefore it will 


not anſwer to change the Angles into Sides, as 


propos'd in Caſe XII. 


But to find the Side GS of a ſpherical Triangle 


GHS, whoſe Angles are all given, produce n u, 
that Side of the ſupplemental 'Triangle, which is 
equal to the Supplement of the Meaſure GHS, 
the Angle oppoſite to the Side ſought, and m x, 
either of the other Sides, till they meet in E, and 
there, as hath been ſhewn, the Sides Ex, En of 
the Triangle 2 Ex, are exactly equal to the Mea- 
ſures of the Angle G and H, of the Triangle GHS, 
and of the Angles En, Eu x of the Triangle 
E x n, are equal to to GH and HS, but the Sides 
N is equal to the Supplement of the Meaſure of 
the Angle GDH, and of the Angle x En, the 
| | Meaſure 


— — 9 „. - 
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Meaſure is equal to the Supplement of GH, from 


whence comes this certain Rule : 


LKCULE 


Charge one of the Angles adjacent to the Side 
ſought, into its Supplement, and then work with 
the Meaſures of the Angles, as tho they were 
Sides, and the Reſult ſhall be the Side ſought. 


CASE 4 
BC = 39® 12 


Given deb = 45 oo x Required the Angle D. 


B = 30 oo 


Or there is given Latitude of the Place, Hour of the 


Day, and Sun's Altitude; to find the Angle 
formed by the Meridian (or Hour Circle) and 
Azimuth Circle. 


Geometrical Projection. 


RAW Hr in the Primitive, and croſs it 
with another Diameter Cx, from C to B ſet 
off 39 12“ (per Prob. TI. Sect. III.) then at the 
Point B make an Angle of 30? (per Prob. V.) 
thro' B and the Center draw SB, and perpendi- 
cular to it ae, draw t D B parallel to r, and di- 
ſtance from it 45, equal to the Sun's Altitude; 
and where that Parallel interſects the Meridian 
SDB, draw the great Circle C Du, which finiſh- 
eth the Triangle DC B, and in order for the Cal 
culation, let fall the Perpendicular CA 
In this Projection the Primitive and Plane of 
the Projection, is the Meridian at Noon, br the 
Horizon, B the Latitude, B the Pole, C the 


Zenith, SB the Axis of the World, a e the Equi- 
| | noctial 
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noctial, and #D B a Parallel of Altitude, the £ 
ABC, the Angle formed between the Meridian 
at Noon, and the Sun's Meridian two Hours from 
Noon, which is the Meridian BD S; the Circle 
CD# is a vertical or azimuth Circle, and the 
Angle CDB, the Angle between it and the Meri- 
dian at a given Time, which was required. 


By Calculation. 
As, DC =45 - = = = 9.849485 


Is to S, B 30 = - <= 9.,698970 
So is S, BC = 39 12 „ 9,8005737 


195499707 
95849485 


Ws „„ 95650322 


CASE 


—ů —A—1ũ i 
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CASE II. 


b BC = 39 12 
Given CD = 57 oo 6 Required BD. 


B = 30 oo 
Geometrical Projection, 


1 S the ſame as before, and the Parts the ſame, 
only here is required the Sun's Declination, 
which may be found by drawing a Parallel 
Dm thro' D) to the Equinoctial, which will 
repreſent a Parallel of Declination for the Time, 

d BD required is the Complement of Decli- 
nation. | 1 5 | 


By Calculation. 


As Radius gh? = = 10,000000 


Is =, B= 30 9,9375317 
So is 7, BC = 39 112 9911467 


r 


ToT,BA3514 - - =- 9,848998 
As , BC = 39 go» — 9,8892) 


. 


Is to , BA = 35 I4 — — 95912121 
80 is E, PC = 45 5 — 97849485 


19, 761606 
95889271 
To the E, DA 4149 - » = 9.312335 
And the DA + BA = BD = 77 03. 


cAsE 
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GAE BL 


BC = 397 127 
Given 10 = 45 00 0 Reguired . C. 
= 230 003 
| ] 'HE Projection is the ſame with the two 
foregoing Caſes. 


By Calculation. 
As Z; BC = 39 12 < = 9g,889271 


C 10,000000 
Sois 27% B=30 = — 10,238561 


To the 2, BCA = 65 35 - = 10.,349290 


As the , DC 45 = < = _. 10,000000 


— — 


Is to the 7, BC — 39 12 = - 9.011467 
So is the , BCA = 65 55 = 9g,610729 


—— 


To the Coſine DCA = 70 34 9,2196 
And LDCA+ 7 BCA = £C = 136? 29. 


11 CASE 


i838 
_ 4 
'Y 

* * 
id 
| 
= 
F 

K 
1 
5 
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CASE IV. 


A == 30? oo/ | | BY 
Given C 136 29 9 Required DC. 
BD= 77 03) 


Geometrical Projection. 


RAW BS (Se Hg. to Prop. I.) and croſs 
it at right Angles with ae; at the Point B 
make an Angle of 30? (by Prob. V. Sect. III.) 
and (by Prob. II.) make DB equal to 5 2/; 
then (by Prob. XIL) make an Angle at the Pri- 


mitive equal to 136 29/, ſo that the great Circle 


that conſtitutes the Angle may paſs through the 
Point D, the End of the given Side, which com- 
pleats the Triangle, and in order for the Calcu- 
lation of the two following Caſes, draw a Perpen- 
dicular from D, which ſuppoſe D, to fall with- 
out the Triangle. a a 
In this Caſe there is given the Hour of the Day, 


the Sun's Azimuth and Declination, to find his 


Altitude; and in Caſe V. the ſame is given to find 
the Angle formed between the Meridian and Azi- 


muth; and in Caſe VI. the ſame is given to find 


the Latitude. 
In this Projection Beru is the Meridian at 


Noon, and BS repreſents the Axis, ae the Equi- 


noctial, B the Pole, and drawing Cu the prime 


Vertical, and Hr at right Angles to it, will repre- 


ſent the Horizon Dm, a Parallel of Declination, 
and t DB a Parallel of Altitude; and in the Tri- 
angle BDC, the Side CD is the Complement of 
Altitude, CB the Complement of Latitude, and 
DB the Complement of Declination ; the Angle 


_ . PCB the Azimuth; the Angle DBC, the Angle 


of the 'Time from Noon, equal to two Hours ; and 
BDC 
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BDC the Angle formed by the Meridian and 


Azimuth. 


| By Calculation. 
As , L C= 136 29 =43 31  9,837945 
wo DB = oz - - + 9,9888711 
80 is S, LB= 30. 9,6989 /0 


| —ͤ— 


19,687781 
9.837945 


＋ 0 £ Sine DC = 455 the Aſtitude | 9.8498 836 


CASE v. 


| ?Z B —_ 30? oo/ 5 | - 
Given, 5 2e = 136 29 0 Required the LD. 
DB = 77 03 


HE 8 Projection, and Parts of 
it, are the ſame as in the laſt aſe. 


By Calcalats on. 
As S, BD = 17 03 *„ 9,3 542 


——jüͤ— 


Is to Radius o = - + 10,009000 
So is 7c B 30 10, 238561 


To 7, BDM = 82 37 PR.” 1,8881189 
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As the E, B 30 993781 


Is to S, BDM = 82 37 . 
80 is , C= 136 29 —J, 860442 


— — 


"nl 36826 
9293753 1 


To the S, CDu = 3 as  »- 95 0 9, 919295 


And BD» CDI = BDC = 255 295 the 
Angle required. | | 


CASE M. 


CB = 30? oo EN 
Given L C=136 29 P Required BC. 
DB = 77 03 ſs 


HE Geometrical Conſtruction f is 5 the fame 
with the laſt Caſe; and, 


By Calculation, 


As Radius = go - = 10500000 


— 


1 to 2, L B30 = 9937837 
So is J, BD =77 10, 638368 


— — 


: To the 7, By =75 13 - = 10,575899 


As 
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As 2, LC =136 29 = =- - 94977503 


inf, LB = - - - wane 
So is 5, By = 15 13 — 95985380 


7 


19,746813 
| 97977503 


Te en 6 ˙ =» g y69386 


And By — Cy = 39 120 equal to Complement 
of Latitude, whence the Latitude is 50® 48 


CA SE” Vo 
| BC = 39® a | 
Given 4 B = 30 o Required D. 
C =136 29 ) 


Geometrical Projection. 


NESS, the Angle DB C equal 30 Degrees 
1 (by Prob. V. and by Prob. II.) ſet off 
from B to C 39? 12 at the Point C make the 
Angle DCB+«<qual 136? 29“, which compleats the 
Triangle; and for the Calculation let fall the Per- 
pendicular B A upon «DC prolong'd. N 
Here is given the Time from Noon two Hours 
equal to 30, the Sun's Azimuth 136? 29, and 
the Latitude of the Place, to find the Angle be- 
tween the Meridian and Azimuth Circle. From 
C draw Cu, which is the prime Vertical, and 
perpendicular to it Hr the Horizon. From B 
draw BS, the Axis of the World, and perpendi- 
cular to it, ae the Equinoctial, Sc. | 


113 | By 
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5 By Calculation. 
As Radius 90 - -»- - ‚«— 8 


Ts to =,BC = 39 12 - „ 9,8892/1 
80 is 2, C = 136 29 - * 957977503 


— — —Uü——e—— 


To 27 CBA =53 10 95866750 


And CBA + L B equal DBA equal 83 40'; 
and then, | | . 


As SCA =53 49 - 990611 


— 


Is to S DBA = 83 40 e 97997341 
80 is =, C= 13629 +» +=  9,860441 


19,857783 
9,9061 11 


8 
A 


Tothe R, ap =2633 = = 9991678 


CASE 
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CASE VIII. 


1 
Given . B =. 30 00 $ Required DB. 
C = 136 ,29 


f "HE Geometrical Projection is the ſame as in 
the laſt Caſe, and here are the ſame Things 
given, to find the Declination of the Sun, the 


Complement of which is DB. 
not f By Calculation. 


As Radius go +» = = = T0,000000 


Is =, BC = 39 12 = — 95839271 
80 is T, C= 136 29 959% 03 
To the Ts, CBA = 53 40 a. 958667074 
And CBA + B equal DBA equal 83 4% 


As the =, DBA = 83 40 95042625 


— — 


Is to the =, CBA = 53 40 = 9,2675 
So is 2, BC= 39 12 9911467 


To the 2, DB = 77 og — 10,641 51 


" _ - 114 CASB 
h < 
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OA SE AK 


DC = 45 ooo 
Given 18 390 126 Required DB. 
C =136 29) | 
Geometrical Projection. 


N Y where in the Primitive, as at C {See the 
laſt Figure) make the Angle DCB (b 

Prob. V.) equal to 136® 297“; and (by Prob. II.) 
ſer off from C to B 399 12/; and from C to D 
459 draw the Diameter BS, and thro' the Points 
S, D and B, draw the Circle BDS, which com- 
pleats the Triangle; and, in order to, calculate, 
let B A fall perpendicular to DC prolong'd. 
Here is given the Azimuth 1362? 29/, the Sun's 
Altitude 45 and the Latitude of the Place 
50? 4%, the Complement to which is 39 12/; to 
find the Sun's Declination, as in the laſt Caſe, 
and the Parts of the Projection are the ſame. 


By Calculation. 


As Radius = 90 - - 10,000000 
Is to E, LC = 136 29 BY IS 9,960442 
80 is 7, BC = 39 12 - 9,911467 
To the T, CA = 30 36 - 9,771909 


And CA + DC = DA = 752 36. 
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As the E, CA = z 3666 99934393 


Is to the =, BC == 39 12 — 9.889271 
Soisthe =, DA="75 36 = 95395658 


19,284929 
9,9 34873 


Wes ͤ—2I— — 


To the , DB = 7 03 = 9,3500F56 


CASE % 


DC. = 4c? oo | 
Given BC 39 12 Required LD. 
C 216 29 


As Radius = 90 - - I0,000008 


——ꝛę i 


Is to the =, C = 136 29 — __9$,360442 
So is the , BC = 39 12 95911467 


PTE. eo —_—_— — 


To the 2, CA = 30 36 9.771909 


And CA + DC equal DA equal 75 36% 
As the S, DA = 75 36 — 97986737 


Is to the 5, CA = 30 36 . 9.706753 
So is the 2, C = 136 29 — 95977503 


— — — 


19,6842 56 
95986137 


— — — — 


To the 7, D = 26 33 9,6598119 


: CASE 


* — 
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QASE: X: 
| BD = 85? = > 
Given B C= 59 > Reguired C. 

CD S o 


Geometrical Projection. 


ET off 85 equal BD any where upon the 
1 J Primitive, and draw a parallel Circle, which 
is every way diſtant from the Point D 10? (by 
Prob. IX.) as md, and by the ſame draw Zn, 
and diſtant from B 59®, and where theſe two _ [ 

ralle] Circles cut one another, draw the Circles 'k 
CD and BCr, which are two great Circles, and | 


compleats the Triangle. 
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By Calculation. 


| 559 9,93 3066 5 
As Cn CD e Dass 19996052 


— ne. 


Is to the Square of the Radius 20,000000 
BD + DC — BC L 


80 is % 77 £ li 
BD — DC — BCF9,871073 19,650536 
2  _C9,779463 | 
39,650536 | 

195902842 


= — ů—ů— 


To the Square of 2 S, 4. C . 19,540 697 


The Square Root of which is 9,8738848 = 
48 25, which doubled, gives 96* 5o' = L. C. 


CASE 


B = 64? oo | 
Given ; C =96 0 Required DC. 
D= 56 oo | 


EFORE we can conſtruct this Caſe, we 
muſt obſerve, that as it is now given, there 
can be no Projection according to the Theorem 
given in the Table ; becauſe, according to the 
Solution of oblique Ambiguities, it will not anſwer, 
unleſs there be two Angles Quadrants ; but in 
this Caſe neither of them are ſo, therefore that 
Theorem will not anſwer either in the Projection 
or Calculation. But, by the third Rule of this 
Section, change the Angle oppoſite to the Side 
given, and ons of the other Angles, into wn; 
* ant - 


= 5 "Ty 2 — 
K * * * n * 9 8 nl 8 
* R _ TY PE $ K V0 
* * e * ” 
R 1 
8 
: x 


eur 


and the Supplement of the other Angles, into a 
third Side, and then proceed with theſe Sides to 
find the Angles, which will be the Meaſures of the 
two Sides, and a Supplement to the third. 
Imagine the Side (See the laſt Figure) BD the 
Supplement of the Angle C, and the Side DC = 
LB, and the Side BC = LD; then of conſe- 
quence 4 C will equal the Supplement of B D, 
and DC equal B, and BC equal D, then have we 
the Sides to find the Angles, which muſt be the 
Meaſures of the Sides. Wo e 


5 Calculation. © 
As S, BD * „ BC - - 19,915478 


S 


Is to the Square of the Radius 20, ( oOOOO 
wi ED —.— * ( | 
DC—BD—BC 19,353446 


2 


To the Square of & of LB = 19,41 5478 


— — 


Of which the Square Root is - 9,718984 


Which is equal to the Sine of 319 397, which 
doubled is 630 18 = LB = DC. ; 
In the Solution of theſe Caſes, I have followed 
the Theorems juſt as they are delivered in the 
Tables, and, I preſume, have rendered them eaſy 
enough to be underſtood ; and my not varying 
the Caſes to more aſtronomical Problems, was 
becauſe ir was not my Deſign ſo much to ſhew r- 
practical Aſtronomy, as to demonſtrate both ſpe- 
culative and practical ſpherical Trigonometry ; 
and in theſe Demonſtrations I have made the 
Schemes to move or elevate, ſo as to repreſent the 
| N 
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ſeveral Solids and Circles treated of; becauſe 
in the Practice of Teaching I have found 
Learners very much at a Loſs to underſtand 
the Nature and Properties of Solids when repre-- 
ſented on Planes; and I have always found this 
Method I have here uſed, the beſt Way of ren- 
dering theſe Demonſtrations eaſy ; and if in theſe 
Elements I have done any thing to the Advance- 
menr of the Science, or — made it more plain 
than what has already been done, I ſhall then 
think my Time well beſtow'd, and my End in 
ſome meaſure anſwered. 
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